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tr - ^ 'T' A O^T^fr ^ * :p T. 

' f3iBn>tfrL— ^^v-X^^AorL— !f^>^^:7x— Xfc*3 
[IS*^ 2 ] 1 tSi^<^:;5ffiT'* o T. 

m. 
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E^J5^-^ *#tf 5^-;^ '^-X t , 
Clt*«13] It^^l 2|H«0!)>':;^5^AT*oT, 

[|f*«14] Wf*® 1 3^«<D->X7"AT*-3T, 

ffl!lffi*^*3-ry77^ y4^S^&ti#^-r-5, ->X5=-A. 
[fS^^l 6] W^JSl 5BB«©v'X5=-AT*oT, 

^tf X5^A. 

[11*3^1 71 l»*«l 6IB«©->X5^A-e*-DT, 

HulBlll®/1;?i;i/tc^5^$tlfcHaiBn>5=-'<-^» 
^75: < i: -IKffi t ^ ® ffi Ma b fc # J^fi[ 

«iA.S3-r>©/'?:^;Hc:^^$n«, ->X'7^A. 

[gf^^lS] ^^^^-^BB^JT^-iS'Sri^^^^ -;/^^^ 
-5 J: a (C T > ^ tlfc y □ ^ ^ tr n > 

:i— ifA^iSOM^JC^S^T. a >bfi— 3'i'X^A7'— 
H^SBn > tfi-^' >'Xt-Acd:x— -r ^cS' 7 x-X(ct5 
.yi^^^-r-S. fca?)CoyDif^A^'^*-&tja>-ea.- 

40 [0 0 0 1] 

b, i^f;:, n>t!zL-^'<-x<75^#»^gH^J1f#$/7' 

[0 0 0 2] 1fffif!^^«, n>ea-^*3J;D:iKt^^fitJ 

t;zL-^'5^-^'/>;-x*^^<«i3g-rs:/^ft^, 
50 ^—■S'i)^ib'5>>ni;m.<r>un. m'i&, ii'iiis-mm^^m 



8 



3 

[0 0 0 3] i^^^mmt. mm^^m^i^:n>\d=L- 
[0 0 0 4] ^^mm^commo^i-oit. ^woyyjju 

{Cfe-S-f >it^ (Incyte Pharmaceuticals, In 

c.) \±^(D^of^'f-9^-:;^^\^^<rDf)^Wi%\^xi^ 

—:^<Dm^l^X. GenBank (NCBI) -^SWI 

[0 0 0 5] ite^-^oMs^, >it-f hii^)Ot|B 

J^X. Z.n^<Di^Xy^I:,\Z:^ib:f^^^S:^m?i^Z,h\Z 

[0 0 0 6] M^ht^^^m(oi-z)\z. ^i^^^^m^m 

^7.hnfz.\m^fz.\tM^m(D^mzn\^. ^<d 
mB.^mi^mmi^mmK^mmzmifh'^^ ^ ^:^^x^n 
z,(Dmm^zA^<nm'r^:z^:^^x^^\zm^^u 

(D±mz^^^x<Dm{nf'm&:mm^<kzsy^rz\tm(D± 
z,t<Dx^^m^y-)v<Dm^f)^m^nxi'^^o 

[0 0 0 8] 
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mt. simzmLx^^f)my3i^mm^mm'r^^ou 
imL<om^x^^y ^ v^^^^nx. zi>\f,=3.—^zr 

10 [0 0 0 9] i^%m<r>!f^y>(ft}],\£=L—rym9i<Dn 

\zm'r^mmi^^n^n%rz^:^^x i HM^fc^i i ^ 
-z^±.\z^^t^^iitm^\.^^o ^i<7)/t^;p«, m 

iih^\z. ^^y>( y^^m-t^^i^ffix^^o II2(D 

i'^? ^^m^mn\zm^^'^t>'^^z,t,tf^x^^. c<^^2 
{immt^mm^^Tz.^ti^x^^. ^^(Dn:^}v 

m^\-Si. i\^A±.(D^n:^)v\z^'^ntz. mi^^ntz 
■^mi^6^w.n^rz\^z.n\zmm'r^^^(D^ ^ v:^^ h 

\zmm:'r^m<r>mmi^. mimT^z.^t(^x^^. 
30 [0 0 10] v^'^i.\^^-'mmmm\z^^^x. ^mn<D^ 

*?SBf4^, ^(Dm^<Dmii^hh\z^^y^y^m^'r 
^:iiit)^x^^o :z<D\d:3.—7\z^'DX. :x-iffi, M 

m^iT^^^mm^rz\t'!^^mmzm.^^'^t>it. 
^^&mmo)i4mmm^^^\z^^y ^ v^mTr^^^z, 
hmx^^^o\zf^^^ */t. }£=L—T\z^'^nrzWM 
m.mzn\^. ^(Dmmtjnv-i^^if'yy^y^my^x 

^ -5 ci: ^ T ^ :i ^ T ^ ^ o 

[0 0 11] zio:)\z=L-T^mmt^h. 
40 ji^<omm^^ti^ e>f# ^nsHaj^ii^^^-r ^ ^: t ^-r 

tz. :$i^m(o^^y^ij)i\^=L-T^mmr^h. lo 

^rz\'^'eMA±<D^i^^ y i^o^m&i^^^. ^f^ffififj: 

L.t^^cDmmmm \zm^^^x. ^^y^y^^^^^ 

[0 0 12] *^0>g(Di??^Llw^j5gj^^{-t^e^;t//^ 
50 y^t})V\l:i. — 7\t. n^^t^^ y J^'f—^^^ ^(D 



5 

[0 0 13] -|i«tC*5tiT, *^HJ«. ^i^^^mif^i 

^J-Tga^jT"— ^S' <?5 X k ^ > h * 3 > tf 3. — ^ v-X 5^ A © 

mmi^tcmKR^^m^ii^ifyy ^ vi^^fkv. us© 
- n^Mt.. m 2 <D/t^)v±\z^^nrzmm^—'$'t:»:'^ 
r^rci!t>\zmm^ntz>"-ifx.>xmi^<r)^fk=s:m'rm 

[0 0 15] m<D-mmzis\,^x. *^bj«, 
n?)gij(7)75rfeS:$iftt-'5. 3.-- ycoHg^fc 

[0 0 16] $ ^I'gijCO— li^C*3ViT, *5!0J«3> 
[0 0171 ;S e.lCSfcSiJCO-S8«Hc*3t»T. *5!HJ 

tt, ^iHi^^mrn'r-i'^if^y^ yif^^-r^^^iz 
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-^(DJiu^oh^if^y^f y i7«s^f •SitJ&oyDi^ 

[0 0 1 8] £AT©iJi^t, *fgW®»*Ma*Sllfi«9 

L *5 i <D<iS©iRpSi* J: a ?q 6. t )5: 

^. 

JO [0019] 

tt> :*:!«HJSr l^*fc«^-n£Jl±W$f*bl.i*ffiJg^»C 
^!^€rfo*/t— -r-5fe<DT*-5« &LT(Dmm-t:i-i.. 

[0 0 2 0] mX::^^m\-t. a >bf il— ;S"<— X©^ 
[0 0 2 1] *5!BJCD^^7^*;l.fi-Ttt*iS:<^»/1 

\zm-t^mn^^n^nm^^:f3^-c i lassfctt i ^ 
-'^±.\zm.^-t^z.iitim^\^^^. m,inn^Mt, m 

i^^mi'^mmzm^^'^f^^^z.iLti^x^^. z.<r>m2 

«, ietJiK)flfi/';:?i;HC^$nfc*«:i)-^^BB9ij 
5^- ^ IP « m ® S ^ 5§ * ill * 0 5^ L ;t It ffi * ^ f ' i *t 
5(? |pli;iii®*fe«f*ijp6«j75:Bi®±©#Jjn/i^;i/ 
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[0 0 2 2] itf^L\^^-mmmm\z^\^^x. *^0jcd^ 
't(Dm^(Dm&ih^h\z^yy^y^m^'r 

^^i^^^<Diimmmii^h\z^yy>( y^^^-r^^ 

# -5 J: -5 r -5 C ^ o 

[0 0 2 3] ii<Dtfn.-T*«ffl-rsi:. mmco^i^^ 

^Zf\zM^^'r^/'^ya^^J:ZSn^^u^ (&l<D^i^yy 
[0 0 2 4] *5!0^Off^UI/i-^j5S^SifcS£ofc>/^ 

j^y'-^\zmLx^^f)mu^mm^m^'r^j:o 
^mM(omzitf^i.\^^mmmm\z:i^\^^x. 

^yy^i3)U\d:L-T\t. l'Z>(Dmm±\Z^^ >/'^:^Jl 

mmz:3.-iftfimj^^'^t:)'&^ (x-a^>^^) c:^ 

[0 0 2 5] ±jeLfc<t'PtC. :$imm<0^yy^tf)l\d 

ST^rz\tF AST A^^mi^xmn^it^Lf^f^^h 
[0 0 2 6] ^yy^t)Jl\i=L-T<Dm^:±mi.rc^ 

ti^) y 7^ )l-7mna7 )VV\z$>^-( y-^-^ hSSm (in 
cyte Pharmaceuticals, Inc.) iC^oTPBS^^^l, ^ 

tz. ^m^nm^. 970, 500^, ms, 953, 

7 2 7^>^5, 9 6 6, 7 1 2^,^6, 0 2 3, 6 
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5 ^^n.E\zmm^nx\i^^^w^f'WM<D^) u—>3 
t)<^-e»Sc 01 A*5i:r^Hi B. -eLxTJKT<^w**r 

[0 0 2 7] ^lAfri, U U->'a::^;P5^-^-^-XtC 

^\i^xmmL^^m^^u^mrt^(r>\zm\^fz,^yV'i— 
^>-x^A 1 3 o^^-r^T*o> 

^yVy — ^\'^^\t,. ^yVV — ^^—n\Z%^X 
r^iJ^^-f T>H 1 3 8 a. 138b ( J: 0 ^^StCD^ ^-f 
T>N<7)f^^T*'&) ^rn^^^l^-r^^^y ^»7- 
i7^^-y;H 3 4 t^e^Ti^^^o ccoy— :/;H3 4 

>'r'f T^7:t-;i/y-N'?3i-f 1 4ojc'fog)^^n 
T:feo. :7T-rT'?:t— h^7x-r 1 4 ofri, $6 

\z^ >^-^y h 1 4 2 {;:j^S^^nTV^;5o 

[0 0 2 8] ^y h^y — ^ 1 3 Oilt. D— *;!/XU7^ 
^yh»7-^ (LAN) -^Jt^^^y h'7->:7 (WAN) ^ 

b;^t>(^)) (D3'^<D\^^^nX$>'DX^^\^^o Z.<0^yh 
y—^\t. m^(Oy^—'^yh m^UVRL) O^y 

-(T>h:n-)l^Q:M(D/^y y.-^mmthh\Z. 

y;i/^^fi»7-riri 3 4^lff\^Xin^^^(D\zmvrc 
il&,±<D/'^^y h(D) y^ — '^yh\Z/'{y^—i^it 

x-i$^^-xij— 7ti 3 G'Nsiit-rsessg^w^T 

30 V^^o 

[0 0 2 9] 1 3 6fi. y >^ h^^aiT^Sr^ff ^i^ 

xTtt, (1) Ui^xx ^<&^a31TS;/^a6^7)5^- 

^^— X<7)5='— ^^fCT^-feXb. (2) ^^-rT>hV 
1 3 8 a, 13 8 btClfa€:#A^;ti6<?)'1'>^:7 

oL-x^mmT^o mi A(D»^L\^^-mmmm\z^\^^ 

Z"^- ^ y^ T > hmX^—i^y^—1^ ^m^^ ^tz^(DU 

tg^WT^'::7 3iyit-A*i 5 6«> HTTPynhn;i. 

[0 0 3 0] ^y^T>h/^-Jmm. "f-^^-y. 
it— A\ U k— i>3:^;i/7^— ^^— X, ^^n^yhU 

T > h/it-ZN^SJ^idP UTt:ii£ < nx^ 0 . 
SQLit-AlClirS5='-i$^^-Xit-AMCPIb 
Tt^, TNath, A., The Guide To SQL Server, 

50 2nd ed. , Add i son-Wesley Pub I ishing Co. , 1995j ^ 
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[0 0 3 11 H^-r^cfc^tr, -9— Al 3 6tt. U 

'>3:^;U5^-:$'^-X^31i/X5^A 1 5 2 ^, 

H'>x:/TyU^r->^3> 1 5 4^. '7-;PH'7-r 

15 6 ^^mff^'^^:t^u—9-^ 
yx^Ls 1 5 0 m^viuN I X (ssra©) ) ^mx. 

cti^^u. m,^<D^yy\z^Wi\^xmm'^nx^^x%^ 

[0 0 3 2] '7-;i.H'7-r F'^x>^TyU^-V3 > 1 
^>i5^-K^^XU-^>y->? (SQL) 

T^Uy— V3>1 5 4ti. 3>:7>f ^3.U-'> 

3 >:7T<;n 6 o*^^7?t^^So c<or3>:7>r ^^^^.i^ 

-'>3 >:7T-f ;H 6 1f-lfXrL— !f u^xx h 

7 -tr X ^ nr V^;^^ frtn^fct ^ :^ (^^SB^fe i rj^ 

^id:i.-^\z^WLLx\r^^m^\zi!:^mizu^o 

[0033]^^'^-rT>hl38a, 138b fl, 

♦hl38a, 138b -^if LT> 0ij 

Af^iH^J-7^-:$^^-X 1 4 4*5<i;ZJC/^;^ftyyA7'— 
^:$^^-X 1 4 6 7&^^^-^«^*-r§/^«e)0«l«U ^XX 

x^-. x^p— ^(;)^^3fe75^^^^:7^;^;^rL— 
•tf< >^:7x-x<hbTSffl$nTv>'5:x— t^W >^ >^ 

X— XXl//>hSr, jt^L:^cO^ U L.;/^Of -So 
:57 ^ ^ 7 > h CO »^ X :/ y ^ Hf T o cfc -5 ^ $ n 
U^xxhft, ^xy7yuy-f>3 >i 5 4(::eM^ 
n-So ^x:/T:/uy->-3 > 1 5 4ft, U^XXh<7) 
y'rt— V^y K^^^L, ia^Jx— ^$^^-X 1 4 4S;tft 

y/AT^-^^-x 1 4 e^^f^eig^^a-if^^aair^cT) 

[0 0 3 4] ^4'fC^$nTl/^'5lliaj^^(C;fe(.^T, o 

x:/T:/'uy-'>3 ^f^-^^-xm® 

t^S y b a s e ^tz^tO r a c 1 e SQL) TRg^<& 
f^fig-r^C^hlCctoT, yy A5^-^^-X 1 4 6CDv^ 

—i$^\zT^±:7.'r^o c(DL^. z,(Dy^-i^^-xmm 

(DM^f)^. U '>3:^;|/t'— Xl^as/XT^A 1 
5 2tc5I^?g$n, ^^T, 7="— ^^-X 1 4 67!>^e»8l 
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E^Jx— 5^^— X 1 4 4\Z7i7±:7.'r^h<DX&^m 

^7xyTyuy-->3> 1 5 4«> x-i5^'^— Xlf 
as^XT-A 1 5 2<7)-y— ex^5pJffl'rSil<!:?S:<ilgE'^ 
(7)5='-^^— XfdU^XX h^sfs-r^o 
[0 0 3 5] OL-- If rj>j7xx KfCit-b'X-r'S^JliaS:. 

. 01 Bfc$e»f::*-ro ^^mmm\z^^^x. u-)i\^u 
fTPJtl?^'>x:/Tyuy-i/3>n>5}t-:^>hft. ^ 
JO :S:» (HTML'^— s^) i64$««t"r^o html:*: 

-X 1 4 6fCT^'feX-r^fc«e)OU^XX h^f^^fif^ 
C0fc?fjffl$n'5:x«-if— r >^5^:7x-X l 6 6$:li#t-r 
COUi^XXhft. 1t— Al 3 6(D»^x:/T:/uy 
— >-3 >n>4^— :?^> hfCcfcoTSQL.^^ 16 8 Jc^ 
g|$n>5o Clc^Sg^ft, 1^-— 1 3 6co^-3^-^— X^ 
avX5^A3>>}^-:^^>htCJ:oTfigffl^nT, ^-5^ 
^-X 1 4 6(^(7)|ia607='-^f3T^1rXb. -^(7)5^— 

^^mmt^y^-'^yVx^-ni^%\zm^'t^o ^ 

LT, it—y^l 3 6ft, 'i7x>^T>^Uy-'>3>l 5 4 
^:n^LT«fH.^HTML:ft:S«r^^L. ^^'-^'^-XW 
^>-if<>^:7x-X 1 6 6fC:feft^b*:3L-T<h 

[0 0 3 6] m\ AXf^^n^mmmmx^-t. it-Ai 

3 6 ^^^-rT> h 1 3 8 a, 1 3 8 b (^ilfifc: »7— ;i/ 

K':>x:/lt-/\^:feJ:r/»7-;i/H'7-r H-^x^^:/^ 

x:/Tyuy-S^3>l 5 4f::ft6-rtC, SQLX5=— 

y^yybJft. ^y-(T>h:/^^^^mmitT. mm 
y^—^^—:^\zm^'r^z.h^'^mx$>^o 

[0 0 3 7] 1 3 0 f)^y — \i U >f \^Ox, 

:/it-A^i:r/^^-rT> h^fiJffiT^^^tCft, TC 
P/I pyp Nn;|.^it7t?-hLT(.^fci:ftnfi;^j:^7:c 

^U.-Sft, »7-;i^H»7-r H'^x>^±tCJSt-^Ayu H 
^-r>T^*-^^— X ({?iJx.fiGe nB an k7-;l/H»7 

^m(D^\zH^i.\^^-m:mmm\z:^^^x. ^^^yyv 

138a, 13 8bft, "^x^y '^if *d cfcZ^"^ x:/-tJ- 
—n 1 5 6fCi;oTMfl^;^n;tHTML-f >:$^:7x-'X 
^flSfflbT. ^yVy^vV'f-^^—T.l.Xzmt^^ 
-9\Z (piJx.fiA'f A-5=-+X hU>^€:^LT) fi» 
T^-lrXT^^(h;&^T#^o 
[0 0 3 8] D — XcOF'g^^y^'f^— 

"T—^^-y. 1 4 4*3ci:rXyyAT'-^^-X l 4 6(^) 

5^? p^^^mmzmzu<xm^^t^\^^.^\zmM'r^'Z^mt^ 



11 

[0 0 3 9] Sfc. ffi^J5^-^^-X 1 4 4tt. 

[0 0 4 0] Ax— i5^^— :^ 1 4 ep^coitffitd:, u 
-Mmzmm'r^m^miyrci£M<Dm^r:iiitn<DUx$> 

taJScD TNath, A., The Guide To SQL Serverj ^ 

- [0 0 4 1] u i/-v3:^;p^-^^-xti, m^(D:^ 

ST*i«$nSo m^^tO r a c 1 e (ffi^) v^-^^ 

-xx\t. ^^-:/)v\z^n^nmmm^mm^nrc.u 

^Z.h\tU\^K Mmmz. Sybase y"—^ 

^z^m-^^x^^^^. 
[0 0 4 2] lfi^(7)n-itlc^jST^^^y vy—^ 1 3 

1/ X 7}^ > X B# F^T ^ a: S r ^ C i jO^ M ^ L V ^ o 
[0 0 4 3] 7^iL7;^yn-ir*>1tit-A*TS>><hUT 
tl, Sun-UItra-Sparc2 (tI^H 

vXt-AX) -t^, SGl-Chal lenge L (ffi 

ij=l>^^y^>f >;/^X) , DEC-2100A mm) 

-So ^;i/5^yDlr^yitS/X5=-A (4:/P'feu/it£A±) h 
lyX\t. Sun -U Itra Sparc Enterp 
rise 4 0 0 0 mi^) SGI-Chal le 
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nge XL (mm) . DEC-84 0 0 (ffig) 

rcif>\zm^'^riXTCP/ 1 p:fuhnjv^^:^--hL 

[0 0 4 4] >i5^>'X7"A«. ?ljffl$ns 

r7-t57X5=— >'a>fCtt#UT:fet)> «3|^tJSun-S 
unOS 5. 5 (Solaris 2 5). SGI- 

I R I X 5 3 i^rc{t^nKX±) ^DEC-D i g i 

tal UNIX 3 2D (^rz\^^n]Si±) Srfflli-S 
JO C:<i:j&^T€'So 

[0 0 4 5] *%0^fcHaLT^ffl$n^^-i5^^-X 
4 X 4 Gb + FWSCSI-2, Fiber L 

ink Raid Units 20Gb+, ^rc\t4 D 
AT Tape Dr i v e UT3^^7>D— HTS C 
(h^^T^-So ^fz. CD-ROMF'^-f :/Srffll^§e:<i: 

[0 04 6] ^^-f T>HV>'><tLT«> m^^i. M 
a c i n t o s h (ftg) (*S:^j U y^)V-7W^:x 
—/^v^^-/\Z$>^7y^JlZl>\f:x'-^) PC, 
20 ^rc\tUN I X»7-i^X7^— >^a >^ffl(/^^e:<h;O^T^ 
^^-f T> l-'TSx>ti, Netscape 
(SSffi®) -^Internet Explorer W 
eb B r owe r^^-^TCP/I P*flS-Zf*^'<# 

X$>^o 

[0 0 4 7] hy — ^\:i.. lOBase-T-^. 1 

OOBase-T, J: ^Mm<DmM:^^'^my3:T C P / I 
P*fJiS-e=fecfc<, nS^CO^^"— — X^<7)HTMLA-r 
/t— U >^(Drcsb\z-f >^-^^y h^C07^7irX^^tt 

[0 0 4 8] ^ICfri. *^0J(^iff ^UV^-llffiJ^^tC 
*5 -5 ^ :^ :7 ^ :^ ; 1/ b: ^ - T « fig CO T ^ ir X pj 14 ^ ^ 

^y x.-y.\zm7jk:^nrz:i—'^-r >i^y:r.-xmm<Dm 

^ (0il^«HTML^;tti J ava mmfSm) 

S^) ^^n^LTfUffl-e^^ l«a<?)«figt<i:t){::ti«$n-5 

(^^ZS^(Dmo)^yy^ti)l}faL—T) 
'7 — ^f>X7='A±T^fT$tl'5 J a V a (ISSS^) ^ 

-x(D7yuy hx$>^o mmm\^. c:ixmm^n^ 

T^. Java (SSffiS) ^;^ct^^(OffiCDyDi/^ ^ 

>^mm\zmm'r^zhf)^x^^o bf^x-T^-s^t^. 

-Xco— gB^bTS«$ns. S'J<?5^->;;6^e>Tii7irX 

50 [0 0 4 9] MXiii. a.-'^^>^y:jL—7.mm 
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•rs^^x hmm^m^-r^o ^->^ 170 \zm^^n 
^zT^-iiTsT^o za^^—z^i s o\zmni^nrz^^> 

^mifi^^:it\z^r). XD^^y ^ t})l\i:i.—T 

^-z^ (m^\ij a V a (^mmm) ^-z^) 190 
mn^nrzmm\zm'r^mm^m^r^. z,(d^- 

2j^^>i 9 2f^$^Jc. it1mmfs:^yy>(:^Ji}£z3- 
-T^—:^i9 4. 1 9 e\zri7±7.'r^rzi^<omS(i(o 
^^>^m^xi^x%S:^^o ^:n^(D^— >^ 1 9 4, 1 
9 6\t. ^-i^i9o\z^^y>(y^m^i^nrzSimm 
m\zmr^nmm:/^mm^. ^yy^ ^y^^ft\%m<Dm 

[0 0 5 0] ae^j^ftcDil^^ : *^H^^. 

m^^m^mu^^^y^ y^m^-r^rz^sbomzitf^ 

^f^ms, 9 7 0, s 0 onizt^m^n^^vrx. mm 
y'-^izmi^rz'T-^^-T.izmmm'fTmm'^n^ 
f)^. :$^mM(Dmmmm\tz.n\zm^'^nr^^^. m^j^^. 

m. ^mm(Dmm^<Dm(D^^m^iy'-^\z 
mi^rz5'-i^^-y.\zmmLxmm^n^^yy 4 tjjv 
ifzL-'T^^mmiz^/uxif'^^o 

[0 0 5 1] ±mi.rzJ:o\Z. ^^m(D^yy^ti)V\l 

i=L-7\t.. ZL-^f)i^ *<^^^U l^-S/3:^;l/■x-^^ 

— xcorL— tf-f y^y x,—7.\z^^^nrz:x—'^^ 

mM. ^yy ^ti)V\z^-T ht.^\z^Wi^n^^ 

J h.'f—'^^—x) <Da.—^^>^y3i—7s<D—m 

2\t. mmf y A'r-^^-y.f)^^n^nrzz.(DXof^ 
%\\<D^-z^<D-m^^'ro 3 >y-^ ^m^^-y 200 

^#:) . •r7:j:t:)^a>7^^ ^SAUlc0039 {C^ffi^fbLycit 
e^coj^e (J^«!:i Dt;:<toTi!giJ$n'5) c^UXh^ 

[0 0 5 2] o.— if ti. n >5=-^ >^ 2 0 0 f:: 

^\Z7f^^t\^^yU. &^^m.^-^J\ZT ^^L^s^^Z. 

^f)^x^^. m^iit^—y 200 <Dm& i d : SAU10024 

1 ^^^) ^y^-r^h. : SAU100241 icHT'Sp 

jai<S:^^-r^J^{4M^'^->?3 0 0:;^>^*3gr3T<^o Z,(D 
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[0 0 5 3] m4A\t. m&mn^-y 3 0 OP^CD^y 
y^ti)V\d=jL-T^-^>3 0 2*aS?-r 'SClchJCctoX 

"yy ^ti)V\z:jL—T\^. ^(D—m&L^^TS 

"to^mmm^cD^yy^ yi/mm^mm-r^ Java 

—7^mXX^^^Z.t:^^tff^L\^^. 2j&l±<?D3>/}t-^ 

yu—A[^\zm^-r^ziii\z^r)^ ^^y^y^m^^ 
n^y'—i^^zL—^\z^mm\ziB^^^z,iif)ix^^o ttf 

i-^cDyu—Aff^lzm^'^n^o 

[0 0 5 4] ^—z^4 0 0<Difyy^tt)l}Z:2. — T4 0 
2^i. 1 '::>(Dmm\Z3-D<D}zzL—TZ[ >4^— 

i^^m^^^Uz^:iL>}^\dzL — T4 1 2^m^^o 

)i/^^ji4 3 oti. a.-1f}0^*#^cH.il^c7)^>;6^y Aggfi 

-S^^-^^y he3.-T4 3 2^«;^^o 7}^hA/^^Jl/4 
5 0t*> i$^—^yh\izL — T4 2 2\zm^^nX\^^^^ 

^:7^ ^y^:7lf«^^^T^BB^ja^$h::2.-T4 5 2 ^« 

[0 0 5 5] ^yy^:fyJV}d=L — 7^-1^4 0 O^t. ft 

30 mmm^(DT^±X^.kXf^(D^^(Drz^<7):^^>:^J: 
ZJ^^^ >\^^^. ^-v4 0 0C0H^yy4 0 3(cmoT 

ft?)(7)^n:x— /N*-4 0 47^^«X.i^nTl^^o #^11 — T 
/^^;i/4 1 OC7)5j^hAtCti. ;i/4 1 5, 4 3 5, 

4 5 5/&t^n^n^^nTi.^^o :in^o)mmo)mm:^ 

mzmL'X\^. ^^\zWj^'r^o 

[0 0 5 6] l/V3i>He:x-T4 1 2^S> rL— 
40 OTP— H^tlJ^^c^n >5^^ ^<^^8|5{4$«(z:^bT 

=i>5"^ ^mmzmLxm^(7)'Ty^jih^^<DmmM 

m^^^^mmmm\zi^\^^x. }z:jL-7\t. uy^^ 
^S^i®ffi2 0 oJicDUx hjc^^n^mioj^fi:. t* 

;S:l:>-&g2462967 (t M D tC^oTi^SU^nS) 
X^J^-hb. ^th3 0, 0 0 0(DifiS*f^P— FT^o 



[0 0 5 7] l/>^x>Ht*rL-T4 1 2^i. X^—)14 
1 6f)^ibtDf)^^<^0\Z. n>5=->< i5^SAUlc0039 

44 6 7*e.'a^UjSS3 4, 4 6 7tC 
M^^-f >4 1 4 i:bTi^^>^^ ^yi7^^bTl>^o t: 

4 1 2l::J:oT^$n*3>7"-<i^SBffiOIIS6J^® CT 

^^t)-^. m^^nrcm&g2m96i(Dmp^mm : 4 4 e 

7) MJ&M^*:?^ >H'i74 0 stc^^nxi^-So d 
ne>0»?-f >H'^4 0 5, 4 0 7Ji, £tT-Ci^H^t--5<i: 

[0 0 5 8] l/>?x> Kf^ — y 4 1 2ti. 

\zm^. zj>5^^ ^(D^iiL±\z$)^m^<DmiSL^%^7^ 

" [0 0 5 9] s^mt. 1 6-e^t)$nso ^mni 

mm:^\^ (+) izm^n^mmt:!^^^ ^"y-o 
•4 1 4(D±:^\z^^n. (-) {zm^n^ma 

Jtziy^-^ ^^-C >4 1 4(DT:^\zm^n^o ^fc. ^ 

^py^ y^^^^ntzmmzm^^mmL^&^^ti}^ 

[0 0 6 0] c:(;)«f^L(.^l|j5S?gffiTti, i57>yi^Hia 

m\zm^\^^xm{tL^^^n'r^o ^yn^%^m^(Dm 

t^^>n^mmAT(oti^:J^)/^\z^^^x^)V-':f 

[0 0 6 1] ^—^y hH:i.— 7 4 3 2 W^\tUi^ 
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'ti:'5;i<h7&tpJfig'CS'5o rzoom I nj 

ffl-rs^i:. U>^x>Htf3.-T4 1 2fC^$nfcn>7^ 

yh\izL—T4 3 2\z\t. x-Aism\zft-cxm^^n 
rzx^-)V4 3 5 ^^vmmm^f)i^^n^o rz o o 
m outj :^^>^^m^^t. a:*:-eu>?x>Htf 

fg^) ^x\ ziy^'^c ^^fj:mm\zm^t^z,iif)^x^ 

€»o rzoom No n e J 3pi$^>S:flgffl^^<i:. ^W) 

JO m\zm^mm\zm^. 

[0 0 6 2] 2^5!B^o^^:7^;^;Ufzi--T(CctoT*i 
«^n'5l^>?x>Hf^ — T4 1 2lC^^n;^n>7^^ 

^4 1 4(DMm^mzmj^^'^t:>^^rci5b(D&i(D:^&^ 

bT«> =i>7=->r ^4 1 4 0*r*gi5f4<D^H{C::^^— 
n^^-y>y h t:^-T4 3 2 (c^^t"^:3?ffi;5^^frf e> 

y^y he:x-Tti3 0, 0 0 0 <7):HSS*f ^^kT^^T 

'^\z. m^^v^7.\xx—i^:^9>4 0 9^m^^xmm 

[0 0 6 3] rL-lffi. ^fe/p^y^X (^n-/\*>T'^ 

\zm(Dmff\\z\^^v^T^z.t.\z^^xnf:>n^. z,<d 
30 m^. h}:i:i.-y^jzummm^^=L-rx 

Z.O)m^<D^^iM.^n^J:o\zyS:^o 04Bti. 
-ifj&^ l^>?x>h*lfa.— T4 1 2(C^$nsa>5^^ 
^4 1 403-^> JS^7&t*51 4, 2 0 0;&^ei8, 2 0 

0^X<Dmi4 3 4^JK;^b^C(h#<7)fc*a.-T4 0 20 
mm^-z^^^Lrch<DX$>^o ^-^yh\l:i.-T4 

3 2 0):^hA\Z$>^X^—)l4 3 J£:^^n;^^ — 

hm^o)mv\^mm\zf$:suxmm^nx\^^^o 
[0 0 6 4] ^-yy h\i:j.-T<Dm(Dmm\t. mm^ 

ii^^nX\^^^Z.hX$>^. m4A:}^J:ZS4BX^^n 

40 ^^o\z. mimwL^mik^(D\z+^u^'^<Dm&:(Dm 
^\t. m^(D^mz^isi4 3 6f)^^'^n^. ^^m^m 

[0 0 6 5] he:i-T4 3 2tcy^:7^ 

m:^'^nrzm,w.^^^)y^\^xmm.^^z.^\z^K^. m 
-^ntzmmt.. m^\iiiy- m7L\t^^) tj^^^^xt 

50 ^<D^^^^^)V{7^)y^^^Z.h\Z^^X. ^(Dm.^ 
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}tt. m&iD. jtG^ (mmw tj^^zfv. m&M(Dm. 

H> m^ltiG e n P e p t 5=^— ^5^^^— X^(7)ftfiOiE^J^ 

-i^^-xzyxy^A(Df\^(Dmm\zmm'r^'e<7)m<Dmm 

>f-;PH<D^<«. ffic^HTML^— v*fc«fi6cOiiiH 
[0 0 6 6] jl*?:t:/>^x^ h^Jffl^:;^ > Kr>5 0 0 

'^^^'yy^>y^m^'r^T'^^:^>h\fa.—7\ZT^ 

mmmm\z:ion^Ty^ y^>h\i^—T s i o<D-m^ 

rnVfc^oy-V^^o T^-f ;<>hb*rL — T 5 1 Ot^> A 

3^Wr^o ±2-^0)^:^)15 12, 5 1 4 
05 AfC^^n^J^ffi (SAU101156 ) ^^^y^y^m 
T^-r^. 3S@(7)/1^;|/5 1 6fi. ^5ATlB$n^5 

^-T^— >^ts. ^^y^y^m^(Dmm\z^m^n^ 

l^tc. T2::?<7)/1^;i/5 1 4, 5 1 6fC^$tl^ffifiC^ 
iE^Jlx^;i/Trffi:t • m/l^T^<D{zmm-^n^X—I:.:^^ 

X-A«8ffi*^Lfc'bcO'rfeO> ±c^/1:?^;i/5 1 2 7? 
T2:^<D/^^jU5 1 4. 5 1 6 Jc. ^^p^iii 

X5 2 2THSnTVi^o CCD^JfS?^SiT«T^ yl^E 
[0 0 6 7] ^'yy^ti)V\i=i--7^—zyA0 0f)^^^ 

^tik(Dmm<Do^. m^—z^<D'jf^hix\zmn^ritiy.^ 

D-;i//N*— 4 7 0«, iJ'-y^y hb'o. — T4 3 2(D^^ 
ISH^. l/>^x>Ht:^"-T4 1 2(C^:^n^3>5^-< 

—it'^i, X^D— 4 7 0 ^:n>5^>i' ^4 1 4 0)— 
g8fi4 3 4JC«oTgPl&$1i:§^<hfc:J:0> i5^-y^y h 
fciri. — T4 3 2 c7)S^®HtC> IrIzi >'T-^ ^4 1 4C0± 
^ ;^ tSTz?ft CO gPfi: ^ ^ -a: ^ c # ^ o 
[0 0 6 8] *^0^OC<O^ffi?^ai{C:feV^T> ^^>^^ 
ti)\^\f:=L'-TA 0 2O3»ac0/^:?^;i/4 5 o«. ia^jgg 
^eir — 7 4 5 2T*^o ffia^Jg!E^erL-T4 5 2«. 
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LT^Life^^:7*^^-rSo E^jai^f tfa.— r 4 5 2 
Jl, ^-y^y MfrL'-T4 3 2fc:*^$n;/^3>5=--<y 

So Z.(Drzl5b. ^-^y h}d:j- — 7 4 3 2 hUi^x.>\^ 
fcf:i-T4 1 2}^t|gU|gH**-rH4 A(©«-&J:i«. E 
^Jgg^ez3.-T4 5 2^t^^T'5^^:7fri, ffi^^Jgg^tf 
rL — T/t^;P4 5 OCOJi^hAtCfiB'rSXy— ;i/4 5 5 
T&^^fck'pJC, ;^yN*lx-vcogii^<£r. n>5='^i^4 14 
10 C0^*JgBg4 4 6 7'-3 4, 4 6 7 ICWa-TS 3 0 , 0 
0 0&&M\ZMLX^Lr;ih<DX$>^o 04 BO 

^^\Z\t,. ffi^jai$e:x-y4 5 2:^t^^-rSi5^^:7 

<r>m^^. zi>^^ ifayo^^-^ify h}d:3.—TX^a 

—xry:f^nx\^^^mmmi 4, 200—18, 20 

Otc:ffiSt"'5gB^4 3 4<Dm4 0 0 0&&M\ZMVX^ 

Lrch(Dx»^o mmm^kf=L-T\t. ^e>tc, ^^y 

i7 X > > y CD iiiaiElSc^^-r^ 2 c^) 

[0 0 6 9] c:<7)*/N*i/->^1t«oag$^*T;^^ft;&^ 

-M.-r^fc^-fx. }iiL-T^(Dm<o/'^:^ji\z^i^n 
fcm.mmmcDmmmzm'r^mmumm^. mw-<^^ 
ct:fyix^^o ^mm<D::<D9fmv\^^mmmm\z:idn^ 
mmm^\:^:jL-7 4 5 2\t. f)nv-i^^mm^^^^ 
-74 5 4 chbT^^f'So tin\y — zymmi(r>m^^^(D 

^o\zm.^'tn\i. Z.(Dmm^. yttX^-;^4 5 6 ^ 

#»f §c<htcj:o. mnm\zmmis.^».^^7i.f)^^^ 

30 Wj\z^mf)^'^mf^^'yym^x. mz^mmz^j^x^ 

x^Bizitmr^ iz hfi^x^^o 
[0 0 7 0] ^^m(Dm(D^mmmx\t. simm^}^=L 
-r\t. t!/^u-i^mm<^m^^m(D:^&x^'yy^y 
^m^Lxh<k^K m^i^t. zi>y^^ c^f)imm^n^m 
is<^E^j*^^bTt)i:(.io z.(D:^mxmm<Dtf/'<u— 

40 [0 0 7 1] ±mLtc^O\Z. 9^y4ti)V\iz3. — r^ 
-v4 0 0tt, >?4 0 00 K^>'y4 0 3 tern-:? 

S4 0 S'^W' >Kr>^:3>5^-< I D 4 0 7'>>f>H 

mm\zi^i^'f^nmmumm^mi.rzLh(Dx&^. 

[0 0 7 2] mt&mmO^>}^'y6 0S\t. Uz^:rL>\^ 

50 ^^^-rscojdjD;^. zr—'^ti^^^u^mihwmo^xti 
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;Ptfa--T^->^6 0 OTti. Mi&J^^ ^4>]^^6 

76 12 t::^$n^=3>^^ ^E3?a6 0 2^^xsmm(D 
Mffi6 0 4;Ot, 4 4 6 7*aS*fi^fcfrt±gttCit^LT. 
3>5^.f i/SAUlc0039 (T^^tStC^TVi-So ^4JC^$n 
§zi>5=-^i5^4 1 4©gTiffi4 4 6 7 JCfiBf 

>^«.io ^tL. ^-y^y HHo.— T 6 3 2;fecfcU^Baanjag$ 

e^-T 6 5 2 ^m^t^^^t/^i^^nx^^^o 

[0 0 7 3] 3>5=-><^ID«>^>K'>4 0 7 

(DKf}\Z^->X. ffb(.^:3>5"^^I D{c||]Sf*frte.n 

aft ^ n ;^ 5="— ^ — ;^ ^ n — H $ tiTS^ ^ n 

^« ^7^i, ^^J^fr^n ^ I D*::;^ > F*^ 7 0 7 
=i>5^^ I D : SAUlcOOie ^A:^ Lfc^CT)^^ ti 
;i/b*^ — T^— >?7 0 0 ^^bTl'i^o ;i(^<h^, l/>? 
x> Kb'iL — 7 7 1 2 a>5^>r :5^SAUlc0016 on 

>'T-^ ^gS^J7 0 2*Dci:D^-^(7)g3aiJ^fi:7 0 At^^^ 
nXKt^^o ^fc. ^-y^y ht:rL-T 7 3 243cfcD^ga^J 

So 

^'r^':f)Uy^>^:=^zL—\zT^'\iX'r^rci!b\z(0^:=. 
:i-A*-4 0 4€:fflA'5o TPi lej zfJi^y^y > 

^tiTi^^So TEd i tj :/;P5^«>>^z:rL-«. n> 
[0 0 7 5] ^{zm^f^<D{t. rv i ewj y;i/y»^7> 

^-ji^T^So Z,a) rv i ewj y;i/:$^'^>^ -rr — 

:i-^f)m^<D}dzL-Tm^\z^^^^mm^mi^ 
x^^^oiz-r^h^hiz. mm±(Dis,^m^s 0 4:t 

ys/H >^fefiiAT(/^So ^8At^, rviewj 
^ > p< - - a ^ n j| <7) ^ ^ :7 ^ :^ ; 1/ f - 
T^— >^8 0 0 <£:^Lfefe(DT&So ^ — 8 0 2(C 
^(/^T. MS±(Z)ia^J«*8 0 4*StRTSi:, ^^:7 
^ 4 0 2 \Z^^nrz:3>^^ ^^m^^T^ 



(11) iNpM2 001-125929 

20 

^;ztf)^x^^o :i(D0 7.hf)^^mm^i'D m^^i2 

»B<?5806503054F1 (5201,5690) 8 1 2) ilSJb. E^J-t^ 

mm^mmM^-i^s 2 o«. 0 8 BTa*?^nfcffi^j 
[0 0 7 6] 0 9fs, ^^m<D^mL.\.^-mmmm\z^ 

^:i-lf jg-r y p -fe X ^ -jSYb: U T^r :7 p — ^ 
LT^^nrt^s. ^->x:i<Dya—'^^—h\t. *^ 

^(7 [0 0 7 7] yP-feX9 0 0;e>lX^-/y9 0 l-CX^ — 
h-r-Si:, X5^!yy9 0 2Jc43(.iT, a«?^n/bJSfi:tC 

ilft^ns. HTML^->^F^<Z)UX hT^^^atRTsc: 
<h;^;^*T^'5o X'T-^yy9 0 4Tti, =i >5=-^ y±(?)il^ 
^ntz,m&ifi^yy V^^T^^n^. ZOD^^yy^ y 

30 m^mmzm^^^^w^^mmy'-^^m 

[0 0 7 8] ^^:f3:^Xt3^rz\tX—Ixmm:fy^if3i^tli^ 
^^-Dtzm^. ±aBynirx^i. x^>;/ ^ 9 0 4 f:::lbntS 

^'^:7>r y^m:^\zm^xy.^yy9 4 oxmr-r^o 
40 x^tf^x^uti^^. =i—^ifl9^y^tj}v\i=L-r^m.mi. 
xm^mu^rz\^'t(D^mmzmr^Hmmm,^mm^ 
^xs^^\^rz,\^^m'^\z\^. e^-T^t, ^(DBm\z^t> 
^x^mmt^m^^^r^^t^ti^x^^. 

[0 0 7 9] {f'yy>(i:j)V\li3.-7\Z^^X^7ri^nrz 

"T-^o^^^y^ ^y^m^jt-t. m^<Dyjmx^mT^z. 

mm\z7^'t7s't^:ziih-^mxs>^o m^ifi. ^-if 
^^y^ti)i\^=L—T^-i^mzmn^tirz-m 

50 m?L\im 4 A<DO>(>Y^ 4 0 7 \z. 'mi^^.^uy^ 
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n^. ^fc, 3.— tf^S, «sjAfrS^4 A<7)|Bi&j^^r>^ > 
<^:, ^^JBtXt^-zT^Q 0 8f)^nmm^V. 7.r-y':f9 1 6 

TsJ-y^^ 1 0;^t-^^jS§U, X^^y:/9 1 8 {C*5l^ 
[0 0 8 01 ^:M\^f^T^i^^y<nWi^^fz^%'tn\zM 

-5 ^<^)J^fi:c5^^jO^ :^ ^ - ^ X -e^P ^ n 
ava (leSffi®) ^->?*t^^$n^o 

• [0 0 8 1] *^H.^<7)?f^Ll^-||JS?^8itC*5^taftfi(7) 

[0 0 8 2] n^itni^fc, *t^jgi&(7)4^^D;^Xffi& 

tg-C^^a fJJ»rX^'y 7^9 2 O;0^#^l6^L. 

^6{C*lJ»fX5"^yy9 2 8;0^*#^je^-r^ch. X^^y^ 
9 3 0fc^3i>T> v;i/^y;|/±^2^t:zi.-7tc7^:7-irx-r 

tt'2>v;i/^y;i.^^frL-TcoiSf^{cMLTt^. El i o 
A-l OE:feJ:aCg|l 1 <i:^#Bgboo. RTT$6lC 

[0 0 8 3] mvi^nrz^-i/i^x.^ h(Dmm 
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[0 0 8 4] *^Bjcoi5^^:7>r *;i/tfrL-T;&^e>$e»;a: 

9 1 2f)m^ft^^L. X'5r^yy9 3 2 (C*5liTiB^J(7)U 

T. 3-— tf;^>t^CO'JXhj&^^i2^J^l"P3lSi-r^<h> X 

X. X5=->y:/9 4 OT:/P-feX:0^$ITt*-So 
[0 0 8 5] ^mMCO^^y^tf)l\i=L-T\Z^^^n 

^-^t>> H]acD^#:5)^^gB^jT'-^^-X*5<i:Z^>-X 
5="A75^^f#e>n^o C<7)J:'5;5:>-X'T-A(^j|ifi£:fectr/JS 

J: 3 X A {;i *^0.g cfc ^ ^ :7 ^ :^ ;i/ fci ^ - T 
[0 0 8 6] OL-T : ±^b}^J:5 

mmm^. 01 oa-i oD^#fiP.L'3oi5^0^'rso 

[0 0 8 7] SlOAti. gI4 A:fec]:r/4 BtC^^nS 
^OU. XD^'yy ^ ti)V\f:^ — 7^—z^l 0 0 0 
^^Lfefe(7)TfeSo HlOATfi. if^y^Ts (^A*— 
A>H) 1 0 0 2;^^ ^^:7^ :^;l.t:^-T 1 0 1 0(D 
l/V3:>Hea.-y 1 0 0 8 I3>^-^> KtC:feV^T^ 
^^nTi^^>5n>7='^^l 0 0 6gBfi:<D— ^^1 0 0 4 
^^DBOcfc^JCffiS^nTVi-So =i>5^^^100 6 
<oc<^^^ 1 0 0 4ti. ^^:7^:^;i.bn.— T 1 0 1 0 
(D^—fv Htfo. — T 1 0 2 0 n>7t?— ;^^> h(C^^^ 
nT;feO> ^cr):^/^U->?tt. BB^Jgg^ tfa.-T 1 0 3 
Ozi>3j^-;?;> HJC^^^nxl^S, ^-y^yhlfrL — 
T 1 0 2 0 tC^fel^^T, J^ffiSAU100242 ^HtT^}^ i^X 1 

0 2 2ti> 't<Dm^tmu^ntzz.h^fi^\.x\^^^o m 
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^-fJV^W-^i^ > 1 0 0 1 ^IBATli-Sp 

[0 0 8 8] ^-yy h\i:2,-T-Qmmm^^nrz.n 
\z. v;u^y;i/*^*4^^> 1 0 0 i^i^u ^y^T-5<h. 

-^^^^n^. aiOBJi, S 1 0 ACD^->?Ta*? 

^nrcjsficsAu 100242 ^*>^tc«i^$tiAc^-ry^u u 

:^ h^^T-^^f >H»> 1 0 4 OTfe-So 4>^D^:fe<i:Ij: 
iffi, ^K^'^?^ >H'> 1 0 4 0 Jc^^$n;^UX h;5^e 

^nr^^^n^o laioct*. ^iobco®sio4 

00242 cr)3t^^n^5^*3J:Ot/i-^D//(DiJx h^^'T':?^ > 
H»> 1 0 4 ^(D—m^^X^tz.^O^'X^^^o 
[0 0 8 9] ^fc. rL--if^d:, ?;3d6tcSJ?L;^cJ^{a (^J 
;t«SAUl 00242 ) . il.^U\zmi 0 C (D ^) 7. h \Z9f^^ n 

^ 4 \ ^ A 5C0v;l/^y;!/^#:4^^> 1 0 4 6^ 
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1. TITLE OF ISYESTiON 

Graphical Viewer for BicmolecDlar Scqaence Data 

2. CLAIMS 

1. A oaetbod imp 1 cmco l e d in a computer system for preseotiog biooaoleca 
lar seqience data, ccmprisLDg: 

retrieying b i omo i eco I a r seqieoce data frcm a database io respoosc to a 
iser qiery; aod 

graphically depicting elemeDts cf the b i omo I eco 1 a i seqacDce data ia a 
user interface for said campuler system. 



1 . Tbe nethod cf cla 


in 1 , 


The 


rVin 


said graphical 


depiction compr ises 


a plurality of pasels. 


at le 


ast 


one 


of said plorality of panels graphica 


lly depicting depth of 


cover 


age 


iafcrnaticn for a pc 


rt ico of a bi cno lecu 


lar sequence depicted i 


n at 


leas 


t one other of said 


plarality of panels. 


3. The method of cla 


im 2 , 


wbe 


rein 


said plurality 


of panels arc compii 


sed within a si ogle fra 


me . 










4 . The me t bod of cla 


im 3 , 
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r e i D 


said plorality 


cf panels provide gr 


apbical depictioos lepr 


e s e Q t 


i Qg 


different aspects of 


said biono lecular s 


eq&ence data. 
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6. The nethod of cla 


in 5 , 


vhe 


r e i s 


said plorality 


cf panels comprises 


three panels. 
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in 6 , 
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of 


the 


coot i g depicted 


in the second panel . 
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8. The method of claim 7, vhcreia said third panel graphically depict 
s depth of coFerage infcxmation fcr the pciticn of the contig depicted i 
0 the seccnd panel. 

9. The method of claim 1. whcreia said method is implcmefltcd in Java 
programming {aDgoage. 

10. A metbcd implemented in a compntcr system for preseoting bicmolcc 
ttlar seqaence data, comprising: 

retrieving biomciecalax seqaence data fcr a plaralitf of homolcgcos loci 
from a database in response to a user query; and 
graphically depicting at least some of the homclogoss ioci in a iser i 
nterface for said compaler system. 

11. The method of claim 10, Therein said graphical depiction comprise 
s a single paac 1 . 

12. A compntei system, comprising: 

a database inciodiag biomolecnlar EeqseDce data: 

a aser intei face capable of 
receiTing a query relating to the bicmclccaUr seqaence data, and 
graphically displaying the resnlts cf said query. 

13. The system of claim 12, wherein said graphical depiction comprise 
s a plorality of panels, at'least cae cf said pUrality of panels graphi 
cally depicting depth cf corerage iflformation for a portion cf a biomole 
cnlar seqaeace depicted in at least one other cf said ploralitF of panel 
s . 

14. The system of claim 13, wherein said plorality of panels are comp 
rised within a single frame. 

15. The system of claim 14, wherein said plarality of panels provide 
graphical depictions representing different aspects of said biomolecnlar 

seqneace data . 

16. The system of claim 15, wherein said biomolecular sequence data c 
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omp rises gene locus data*. 

17. The ivEtem of claim 16, wherela stid gene locns data is depicted 



a portioQ cf a cootig and its asscciated loci, a second panel grapbicall 
7 depicting at least a poitioo of Ibe cooti? depicted in said first paac 
1 and aoQOtated Icci asscciited with Ihe pcrtioo, aad a tbird panel grap 
bicalU depicting deptb of coverage infer ma tiOQ for the pcrtica of tbe c 
ODtig depicted La tbe second panel. 

18. A compot er-readabi e medioiQ containing progiammed iBStrncticfls an 
aoged to graphically displaj bicniGlccular sequence data, the corapater-re 
adable mediam iocloding picgianLmed ioslructions for: 

retrieving bicaic leco lar sequence data fron a computer sjsteoi database 
LD response to a aser qoery; and 

graphically depicting elements of ibe biomolecular seqoence data in a 
user interface for the compater system. 
3. DETAILED DESCltfPTIOS OF INVENTION 
BACKGROUND OF THE INVENTION 

The prcseat inyention relates generally to the field cf b i o i n f o ima i i c s , 

In particalait the ioventtGii relates to methods, media and systems fo 
r graphically displajing conput er-hased bicmolecular sequence iaformatio 



Informatics is the stod; and application of compoter and statistical tec 
hniqaes to the nanagemest cf inrormatica. Bi o i n f c r ma t i c s inclades tbe d 
evelopiieat cf methods to search compater databases of biono lecular seque 
nee information (e.g.. nncleic acid aad protein} qoickly, to analyze and 



display biomolecular seqacnce information, and to predict protein scqae 
nee, stroctnre and fanctioo fromDNA seqoence data. 

lacreasiagly , moiecnlar biology is shilling from tbe laboratcry bench 



in three panels 



comprising a first panel graphically depicting 



at least 



n . 
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to the compoter desktop.' Today* s lesearchcrs icqsirc advanced qaiotitit 
ive analyses, database eonpar iscns, and ccmpatal looal alforithns tc expl 
ere tie lelat ioasbips betveeo seqoence and pbeoctype. Tbss, by all accc 
ants, researchers caoaot and vi i I sot be able ic avoid osiag compatei re 
SGorces to explore gene seqoenc i ng , geae expression, and nolecalar strut 
tor e . 

One use ol b i c i n f c rma t i c s involves stodyiDg ao orgaaism's gencme tc dc 
termine the sequence and placement cf its genes aod their retatioDsbip t 
0 other seqteoccs and geaes within the genome or to genes in otler organ 
isms. Sach information is cf significant interest in biomedical and pha 
rmacesticai research, lor instance to assist in the eTalnation of drng e 
fficacy and resistance. Tc make geacaiic infcffflation nanipolation easy t 
0 perform and nnderstand, sophisticated computer database systens have b 
een developed. Incyte Pharmacent ica 1 s , Inc. ol Pale Aito, CA, has derel 
oped several snch databases, inclnding some in vhich genomic seqneoce da 
ta is electronically recorded and annotated with infer ma tion available f 
rem public seqneoce databases. Examples of Such public seqnence databas 
es inclodc GeoBank (NCBl) and SflSSPROT. The xesnlting infcrmation is s 
tcred in a relational database that may be employed to determine relatio 
nsbips between seqoences an? genes within and amcag geoomes. 

While genetic data processing and relational database systems snch as 
those developed by Incyte Pharnaceut icais, inc. provide great paver and 
flexibility in analyzing genetic information, further improvements in tb 
ese systems viil help accelerate biological research for snmeroDS applic 
at ifl OS . 

One area of interest in this regard is the display of 'b i omo I ecu 1 a r scq 
nence infoimatioo. As noted abcve, an important goal of genome research 
to determine the sequence and placement of a organism's genes aod their 
relationship to othci seqseaces and genes within the genome, to genes i 
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tt other orgaoisms, and tc related protein seqveoces. The ability to de 
arl; and cffectirelj display eeoe icci infonaaticD (ci a given organism 
CI orgaoisms would greatly assist this task. 

Accordiogly, the developmeDt of a display tool which allovs a user to ci 
early aod effecti^elv display gcoe Icci inforinatioa fcr a given organism 
or organissis aad/or other b i cqg t ecu i a r seqeence iolcrmatioa is desirabi 
c . 

SUMMARY OF THE INVEST I O.N 

The present iorention meets this need by prcviding methods, media and sy 
stems for graphically displaying ccmpnter-based hiomolecilar seqneoce in 
formation. Generally, bicmolecnlar sequence informatica may be graphica 
lly depicted in a variety cf different farms in iccordaoce vith the pres 
ent inventloQ. The sequence infcrmation ma; be composed of oacleotide o 
r amine acid seqneoce information or both. The graphical depictions may 
be in scTeral different formats prcviding different information relatifi 
g to the sequences, and may be displa>'cd in qqc or more screens of a com 
pnter oser interface. 

A graphical tie we r in accordance with the present imeoticn preferably h 
as a plurality of panels, each panel displaying informatioo about the bi 
omolecnlar sequence data of'i&terest in a different vay on a single sere 
en 01 page. For example, a first panel coold shov a graphical represent 
atloa of the entire bicmclectlar sequence, or the portion of the sequeoc 
e of interest, with the locations cf particoiar sabseqaences of interest 
indicated. A second paoel coold sho9 a more detailed graphical represe 
otation ol all or a selected pcrtion cf the sequence represented in the 
first window, allowing 3 aser to fccos on a particular subsequence of in 
tcicst. This secoDd panel viev could depict additional Information, snc 
h as ao&otatioos, lelatiog to the paiticuiar sabsequcnces of interest. 
A third panel could show informatioo graphically representing the confid 
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eace Uvel or c r i g i va t i o-n , for example, ol the bi omc 1 e c d 1 a r seucoce dat 
a represented in fine or mere cf the other paoels. Additicnal paocls on 
the same or additional scieeos coild show, for example, the acton) oncle 
otide or amioo acid seqoeoce of or relating to a {elected sabseqeeoce of 
interest represented io odc or more of the other panels, or other iofor 
matioQ relating to the fa i cmo 1 ecu 1 a r seqnence data. 

Id one preferred embod Ime o t , a graphical riever io accordioce vith the p 
resent iarentioo provides a graphical representation of all cr a $clecte 
d portion of an organism' { genctnc vith its indiTidoal Icci iodicaled. T 
be viewer allovs tbc user tc focns on a particular region or iccus cf in 
terest and have it also be graphically represented vith additional iofor 
matioD. socb as annotations. A graphical depiction of seqsencc coverage 
for the seqaeoce regions represented in the viewer may also be provided 

The viewer may also provide for the displav of related loci from other p 
ortioDS cf the organism's genome (i.e., paralogs), and allows for the re 
trieval of informatioo about the loci, soch as actaal ooclectide seqocnc 
es cr detailed aoDotaticns, from an associated relational database syste 
m. [d addition, a graphical viewer in accordance vith tic present inven 
tioD maj provide fcr the graphical representation and comparisoo cf mal 
tiple porticos of the genome of coe or mere cigaoisms based on a locus o 
f interest and its coi r e s pond i og paralogs and homoiogs (related loci fro 
m another organism's genome). 

A graphical viewer in accordance with a preferred embodimeat of the pres 
ent invention preferably provides graphical representations of the genom 
ic data in a plurality cf panels, each panel d i sp 1 ay i Qg M n f o rma I i o o aboo 
t the genomic data of interest in a different way. fo a particularly pr 
efcrred embodiment of the invention, the graphical viewer bas three main 
panels on a single screen: a legend viewer, which shows the entire por 
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tica of the geoooe uoder- cons idcrat ian; a taiget Tievcr, vhicfa allows a 
aser to focus Czoooi i a"* } on areas gI the geaoiae portion of paiticolar i 
Dterest; and a sequence depth fiewer, vhich contaios graphical iaformati 
QQ illastratiDg the dcplh of coverage o^er the length of the genome port 
Idh Boder consideratioD. 

In one aspect, the present ioveoticn provides a method implemeoted in a 
comptttei system for presenting bi omu 1 cce 1 ar sequence data. The mcthcd i 
nrolves retrieving bi omo 1 ecu 1 a r seqeesce data from a database io rcspcns 
e to a asci qoery, and graphically depicting elements of the biofflolecola 
r seqaesce data in a aser interface for the ccmpoter system. The graphi 
cal depiction may include a ptorality of panels representing different a 
spccts of the hiomclecaiar seqnence data io a single frame. 
In a preferred embodiment, the bicnclecular scqaeoce data my inclode gen 
t Iccas data and be graphically depicted in three panels, the first pane 
t graphically depicting at least a portion of a ccntif and its associate 
d Joci, the second pane) graphically depicting at least a pcrticn ol the 

contig depicted in the first panel and aonctated Icci asscciitcd with t 
he portion, and the third panel graphically depicting infcrmaticn indica 
ting the aomber of seqaencing operations conducted to determine the sequ 
eace data depicted in. the second panel. The third panel may graphically 

depicts sequences ised to assemble the portion of the contig depicted i 
a the second panel, cr depth of coverage information for the portion cf 
the contig depicted in the second panel. 

fo another aspect, the invention provides aoother method implemented in 
a compatcr system for presenting biomolccilar seqicoce data. The method 
inTolTcs retrieving b i omo 1 e c n 1 a r sequence data for a pfurality ol bomo I 
ogODS loci- from a database in response to a user qoery, and graphically 
depicting at least some of the homologous loci in a oscr interface for t 
he computer system. 
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la yet aoother aspect, fhe ioTCDtioQ picrides a coopoter system. The cc 
mpiter sjsten iaclfldes a database iDclodiog biomolcca lar sequence data. 

aod a Qser interface. The oser interface is capable «f recelTiog a qae 
ry relating to tiie b i one 1 eco I ai seqoe&ce data, and graphically dispiayio 
g the results of the qaeiy. 

Id stiil aactber aspect, the ioveDtioQ prcridcs a ccoipatcr-ieadab le medi 
uai cootaioiag picgiamnied iostiucticns arranged to graphically display bi 
onaiecfllar seqneace data. The ccnpnter-readable mediam ioclodes prcgram 
med ioatrocticQS for retrieving biooclecular sequence data from a ccmpat 
er system database in rcspcnsc tc a nser qaery, and graphically depictin 
g elements of tie biomclecnlar seqience data in a nser interface for the 
ccmpoter system. 

These and ether features and advantages cf the present invention vill 
be presented in mere detail in the follcving specification cf the invent 
ioD and the accompany i ng figares which illostiate by way cf example the 
piiaciples of the ioTcatioD. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMEiNTS 

Rclcieace will ncv be midc in detail Ic piclciied embodincnls of the i 
nvention. Examples of the preferred embodiments arc illosiraied in the 
accompanying drawings. Wbil'c the iorcntion will be described in conj&oc 
tioD with these preferred embodiments, it will be understood that it is 
not intended to limit the Inventico tc one or more preferred cmbodimeats 
. On the contrary, it is intended to cover alternatives, modifications, 
and equivalents as may be incloded vitfain the spirit and scope of the i 
nvention as defined by the appended claims. In the following descriptio 
n, QumercQS specific details are set foitb io order to provide a thorong 
b ooderstandiog cl the present iovcstioD. The present invcBticn may be 
practiced vithont some cr all of these specific details. In ether iosta 
nces, well known process operations bare not been described in detail in 
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erder net to u one ce s sa T-i 1 y cbscnrc the present laTeotion* 
Intrcdoct i on 

The present invention piovidcs methcds. media and Sfstems fcr naphicall 
y displaying ccmpo ter-based biomolecolar seqoence information. Generall 
biofflolecDlar sequence infornalion maf be graphically depicted in a ra 
riety of different ferns in accordance vitb the present invention. The 
sequence iafcrmatioD maj be composed of QDclectide or araioo acid seqncoc 
e infermatiGo or botb. The sraphical depictions nay be in several diffc 
rent formats providing different infcrmation relating to the senuenccs, 
and my be displayed in one or aiore screens of a compotcr osei interface 

A graphical viewer in accordance with the present invention preferably h 
as a pliratity of panels, each panel displaying iofcrniation abost the bi 
cmclecular seQnence data of interest is a different way on a single sere 
eo or page. Fcr example, a firsi panel cosld show a gnpbicai represent 
aticn of the entire hicmolccalar seqaence, or the portion of the sequeoc 
c cf interest, with the Ice a lions of parliculir snbseqnenccs of interest 

itidicated. A second panel could Show a more detailed graphical represe 
ntation of all or i selected portion of the seqaence rcpiescnted in the 
first window, allowing a aScTr to focus on a particular subseqaence of in 
terest. This second pane! view coild depict additional information, snc 
h as annotations, relating to the particalar sobseqnences uf interest. 
A third panel cosld show information graphically representing the ccnfid 
ence level or origination, for example, of the bicfflolecular sequence dat 
a represented in one or more of the other panels. Additional panels on 
the same or additional screens could show, for example, ibe actnal nucle 
otide or amino acid sequence uf or relating tc a selected ssbseqaence of 

interest represented in one ui mere oi the ether panels, or other infor 
matioo relating to the bionolecaiar sequence data. 
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Id coe pTeferred embed ia-cnl . i giapbical viewer in accordance with the p 
resc&t iitveotioo provides i graphical represeDtatien of all gi a selecte 
d pcrtiofl of ao organisn s geoome vitb its iDdividoal loci iodicatcd. T 
be Tiever allcvs the ascr to focas od a particular region or iocns cf io 
tercst and hare it also be graphicalir represented with additioaal iofor 
matioo, !ocb as aaoctatioas. A graphical depiction cf seqoeocc coverage 
for the seqaence regicns rep/eseoted in the Tie¥er may also be provided 

The viewer al&e may also provide for the display of related Icci from ot 
her portions of the crganisoi's genonie [i.e., paralcgs], and altovs for t 
he retrieval of iofornatLOQ about the loci, soch as actual suclcotide se 
qaences cr detailed aanctations. from an associated relational database 
system. Is additioa, a graphical viever in acccrdaace with the preseat 
ioveBtica may provide for the graphical r cpresenta t i on aod compaxisoo of 
maltiple pertioas of the geaome of coe or mere ergaaisns based on a lo 
COS of interest aod its c o r r e sp cod i o g paralogs and homologs (related Icc 
i from another organism' s geoome). 

A graphical vicviei id acccrdaoce with a preferred enbodimcnt of the prcs 
cot invention prefcrabjy provides graphical represcntaticBs of the gcoom 
ic data ia a plurality of pfoels, each panel displaying information aboo 
t the genomic data of interest io a different way. Io a particularly pr 
eferied embodiment of tbe invention, the graphical viewer has three main 
panels on a single screen: a legend viewer, which always shows the eol 
ire portion cf tbe genome uoder consideration; a target viewer, which al 
lows a iser to fccns Caoom in"*) on areas of the genome portion of parti 
calar interest; and a seqience depth viewer, which coota'ins graphical in 
formation illnstrating the depth of coverage over the length of the gcoo 
me portion under consideration. 

Of course, as noted abOYC, a graphical viewer in accordance with the pre 
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seat invcotlon nay be osed to display biomolecilar geqicDCC infcrmaticn 
other than the geoe Icco! iafcimaiign described vitb reference tc Ibe pr 
eferrcd embcdimeats of the inTeDtion described herein. For exaoiple, a g 
rapbical viewer [d accordance with the present inTcotioo mar be used to 
displaj peptide cr nncleotidc seqaeDce i q f o rma t i on , and can be osed to d 
isplay actual sciences resnltiog from comparisons of seqacnces fiom. ffl 
r cianplc, a BLAST or FASTA search. 
The Graphical Viewer Environmeat 

As BOted above, a graphical viewer in accordance with the prescot ioveot 
ion is preferably osed in connection wiib a bicmolecntar scqtencc rclati 
Qoal database system, such as those developed by Incyte Fharmacent ical s . 

Inc. of Palo Alto, CA, and described, for example, in Ooilcd States Pat 
ent NflS. 5,970 , 500 ; 5J 53 , 727 ; 5 . 966 . 7 1 2 and 6 , 023,659 . Data to be disp 
layed by a graphical viewer in accordance with the present ioYcnlion is 
accessed from socb a database system eslag techoiqacs aod comraaods well 
known to those of skill in the art. Figeres lA and IB and the associate 
d description provided below preside a context in which a graphical view 
er in accordance with the present invention may operate. 

Figure lA depicts a oetwork system 130 snitable for storing and retrie 
ving information io rclation'al databases, SttCb as these soilable for sap 
porting a graphical viewer in accordance with tbe present inventioa. Nc 
twork 130 includes a network cable 134 to which a network server 136 and 

clients 138a and 138b (representative of possibly many more clients) ir 
e connected. Cable 134 is also connected to a firewall/gateway HO whic 
h is in torn connected to the Internet 142. 

Network 130 may be any one of a nambcr of c o n v e n t i o n a I ' n e t wc r k systems 
, inclading a local area network CLAN) or a wide area network (WAN), as 
is known in the art (e.g.: osing Ethernet. IBM Token Eing, or the like). 
The network includes f one t i o n a I i t y for packaging client calls io a wcl 
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I'koovg format vc.g., URt) together viih aof parameter ioforiDatioD iatc 
a fcrnat (cf cne or more packets} saitabie for traosmissicn across a cab 
Ic orwire 13 4, fcr deli very tc database scrfer 136. 

Serirer 136 inclodes the hafdvare necessary foi ruDniag software tc (l) 

access database data for processiog user requests, and (2) proride an i 
Bterface for serriog iDfoimaticn to client nacbiaes I38a and l3Sb. lo a 

preferred embodiment, depicted is Figure lA, the $oftware rDnniog co th 
e serrer raacbiae supports the World Wide Web protocol for providiog page 

data betveen a server and clieot. lo this embcdLmeat, a web server 156 

baviog U£L and HTTP f ooct iona M tr c omaian i ca tes with a dieot via the HT 
TP pictoccl. 

Client/server en v i r oome o t s , database servers, relational databases and 
nclFcrks arc well decamentcd io the tccbnicaU trade, and patent litera 
tBie. For a discossicn cf database sefFcrs, relational databases and cl 
ieDt/servei env i ronment s gcDC/ally, and SQL servers particularly, see, e 
.g., .Natb, A., The Gnidc To SQL Server, 2n(l ed,. Add i s 0 n-Wes 1 e y Pnblishi 
Dg Co., 1995. 

As shcvn, server 136 i&clades an operating system ISO (e.g., UNIX) oq 
Tbicb r&ns a lelational database management system 152. a World Wide Web 

application 154, and a Wcrl'd Wide Web server 156. Tbe software on serv 
er 136 may assome namcroas conf ignrations . Fcr eiample, it may be provi 
ded on a siogle machine or distributed over multiple nachiaes. 

World Wide Web application 154 ioclades tbe executable code necessary 
fcr generation cl database language statements (e.g.. Standard Query Las 
guage (SQL) statements). Generally, the executables will inclodc embcdd 
ed SQL statements. In addition, application 154 includes a configBratic 
n file 160 which ccotaios pointers and addresses tc the varicos software 

entities that comprise the server as well as the varions external and i 
nternal databases which most be accessed to service iser requests. Coof 
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iioraticn file 160 aisc fiiiccts requests for server resources tc the app 
rcpriatc hardware as may be necessary shoild the scrTer be distribute 
d ever tvo or aicre separate cuinpatcrs. 

Each of clieots 138a and 138b ioclades a World Wide Web browser for pr 
oviding a iser iotcrface tc scrycr 136, aod iacIudiDg code necessary tc 
generate BTML piges. Throagh the Web browser, clients 138a and l38b coo 
struct search requests for retrieving data from a scqnence database 144 
and/oi a genomic database 146, fo cximple. Thus, the nsei will typical 
iy point aad click to user interface clcmeats such as buttons, pull dcwo 
menus, scroll bars, etc. convent i ona 1 1 y employed in graphical oser inte 
rfacES. The requests so fcrmalated with the client's Web browser are tr 
ansmiltcd to Web application 154 which formats them to produce a query t 
hat can be employed tc extract the pertinent informaticn from sequence d 
atabase 141 or geaomic database 146. 

fo the enbodimcot shewn, the Web application accesses data ia genomic 
database 146 by first ccnstroctiog a qiery in a database language (e.g., 
Sybase or Oracle SQL). Tfac database laogoage query is then handed tc r 
clational database management system 152 which processes the qaery to ex 
tract the relevant infcrmation from database H6. In the case of a xeqn 
est to access sequence dataSase 144, Web application 154 directly commaD 
icatcs the leqaest to that database without employing the services of da 
tabasc manageoieat system 152. 

The procedure by which user requests are serviced is further illustrat 
ed with reference to Figure IB. in this embodiment, the World Wide Web 
server and/or executable Web application components of senicr 136 provid 
e Hypertext Mark-up Language documents ("HTML pages") 16'4 to a client ma 
chine. At the client machine, the HTML document provides a user inter fa 
cc 166 which is employed by a user tc (cinialate his or her requests for 
access to database 146. That request is converted by the Web applicatic 
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D compooeot Qf serTcr 13^ to a SQL qocry 168. Thit qociy is osed hj the 
databise maoajeineQt system compcnent cf server 136 to access tbe releva 
Dt data in database 146 aod provide that dala to server 136 in an approp 
riate format. Server 136 tbeo geaeiates a new HTML dccooeot. possibly t 
broQgb tbe Web applicatioo 154, rclayiflg Ibe database iaformation tc the 
client as i vie^ io oser interface 166. 

Wbile the enbodimcnt shcwD io Fignre lA cnplcys a World Wide Web serve 
r and World Wide Web browser for a commoDicat ioo between serrer 136 and 
dieots t38a aod 138b, other comnaoicat ions protocols will also be soita 
ble. For example, client calls may be packaged directlf as SQL statemeo 
ts, without reliance on Web application 154 For a co&version to SQL. CI 
ients may also qnery the database directly witboot osiog a clieot browse 
r . 

Whco network 130 employs a World Wide Web server and clients, it mast 
Sapport a TCP/IP prctoccl. Local oetworks sncb as this are sometimes re 
fcrred to as 'Intranets.' Aa advantage cf sach Intranets is that tfaej a 
llows easy c cmniun i c a t i o o with pablic domain databases residing oa the Wo 
rU Wide Web (e.g., the GeoBink World Wide Web site). Thus, in a partic 
ular preferred embodimMt of tbe present iovcntico, clients I38a aod 138 
b caa directly access data (lia Hypcrteit links for example) residing od 

loternet databases osiog a STML interface provided by Web browsers aod 
Web server 156. 

Bear to mind that if the contents of the local databases are to remaio 
private, a firewall 140 mast preserve In coafideoce the contents cf a s 
eqne&ce database 144 and a genomic database 146. 

io a preferred embodiment, seiiueocc database 144 is a 'llat file databa 
se with a single file for genomic seqaeoces from dilfereot species. Oth 
er possible approaches may inclade partitiooing tbe sequence data accord 
iog to different species or whether or not seqaenccs have been fonnd to 
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be saiqoe tc the local database (i.e., seqaence^ that did act hive any h 
its ID aa eitcinal database such as GeoBaok). 

Preferablj, the ioforniition io geacnic database 146 is stored Id a rel 
ational foraiat. Sacb a relational database sapports a set of cperaticos 

defined by relational algebra. It generally indodes tables composed o 
f colomns aad rows for the data contained in the database. Each table h 
as a priBiarj key, being any columo cr set ci cfllvans the valoes of which 

Doiqnely identify the rcvjs la Ite table. The tables cf a relaticoai di 
tabase may also include a forcigo key, which is a cclDmn cr set of colnm 
OS the valnes of vbich match the primary key vaUes of another table. A 

relatiooal database is also generally subject te a set ef operations (s 
elect, project, pioduct, join and divide) which form the basis of the re 
latiooil algebra gcverning relatinos trithio the database. As noted abov 
e, relational databases are veil kaovn and dccamented [see, e.g., Nath, 
A., The Gnide To SQL Serve, icfcrcoced abcve). 

A relational database may be implemented in different rays. In Oracle 
(trademark) databases, for eiample. tfae varioos tables are not physicall 
y separated, as there is one instance cf wcrh space with different owoer 
ship specified fur differcot tables. In Sy b a s c ( t r a d cma r k) databases, in 

contrast, the tables may be physically seRregated into different 'datab 
ases 

One specific con f i gar a t i on for network 130 for moltiple users picrides 
bctb the genomic and sequence databases eo tfae same machine. If there 
is a high volume of sequence searching, it nay be desirable to have a se 
cond processor of similar size and split the application across the ivo 
machines to improve response lime. ' 

A uitable dual processci serrcr machine may be any of the following w 
crkstations: Son - Ultra-Sparc 2(trademark) (Son Microsystems, Inc. of M 
ountain View, CA) , SGI - Challenge L(tfademark) (Silicon Graphics. Inc. 
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of Moifitaia View, CA} . aid DEC - 2l00A(tTadenark} vDigitial Electronics 
CorpoTatioo of Hayaaid, MA). Ma 1 1 i p roces sor systeois ((niDimain of 4 procc 
sSGis to start) may i&clade tbe follcTing: Son - Ultra Sparc Enterprise 
4000 (trademark) , SGI Chalieoge XL (t rademar k) . and DEC S400 (t r ad ena rk 
). Preferably, tbc server machine is ccnfignred fcr network 130 and Jop 
ports TCP/IP protccol . 

Depending opon tbe vorkstatlcn employed, the cperating system mar be, 
for czafnple, one cf tbe fclloviog: Son Son OS ^.S (Solafis 2 5), SGI 
IRll 5 3 (or later), or DEC Digital UNIX 3 2D (ci later). 

Databases osed in caiijDnctlott vitk tbis ioreatioo may be dovoloaded vi 
a a 4 I 4 Gb+ FWSCSI 2, Fiber Link laid Units 20Gfar, oi 4 OAT Tape Drive 
A CD l^OM drive may also be acceptable. 

The client macbinc may be* for example* a Macitttcsb(trademark) (Apple 
CcRipoter inc. cf Cnpcrtloo. CA) , a PC. cr a Unix vorkstation. It shcnld 
also be TCF/IP capable vitb a Netscape or Internet Explorer Web Browser 

Tbc network may iaclade a lOBase-T, IflOBase-T oi higher conDcction, be 
TCP/IP capable, and provide access to Internet for HTML hyperlinks tc e 
xternal databases . 

Figure IC illustrates tbe ac'ces s i b i 1 i ty of graphical viewer featnres in 
accordance with a preferred embodiment of the present invention. A grap 
hicai viewer in accordance with the present ioveotion is preferably prcv 
ided together with a Saite of functions made available to osers tfarongb 
a collection of user ioterface screens (e.g.. HTML or Ia?a ( r eg i s t e r ed tr 
ademark) pages) viewed io the aser interface of a biomolecular relatiooa 
1 database. Typically, the interface will have a main Tiewcr page from 
which Marions lines cf query can be followed. In a prelerred embodiment 
, the main viewer page (and other graphical yiewcrs) arc J a v a ( r eg i s t e r ed 
t r ademark)-based applets rnnniog on the network system. Given the fonc 
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tionalities described tcrciD, aoe cf ordioary skill io the art voald be 
able to implesieDt the graphicil rievcrs cf the present iaTeaticQ io Jara 
(registered trademaik) or othei pr ogramoii og eov i r oomeD t s . The vieirer pa 
ge is typically accessed from aoother page provided as part of tbe oser 
interface of a b i omo I e c a 1 a r sequence relaticaal database in ccoDecticQ w 
ith which the graphical ticvcr is ased. 

For eiample, a user iDtcifacc scieeo (e.g.. HTML page) 170 displays text 
aal iof oxiDit iofl relating to a plorality b i omc ( eca I a r seqaeace!. Ooe cr 
more sequences displayed in the page 170 may be selected, fcr example, n 
sing the pointer provided in the GUI, to access another page 180 which d 
isplays additional information ahoat the selected seqaeoces. This page 
180 may incUde a button which when selected accesses a main graphical r 
letrer page 190. The graphical ticwcr page (e.g., Ja^a (registered traden 
ark) page) 190 graphically depicts information abcot the selected seqaeo 
ces. The page also preferably includes bottcos 192 which allow a user t 
0 modify the graphical display. The buttons 192 may also iuclade button 
s which a user may select to access additional graphical viewer pages 19 
4, 196, vhich graphically or otherwise display addilioaal informatiou re 
lattng to the graphically displayed sequence iofcrmaticn in page 190. 
Gene Locis Imp 1 ement at i on 

The inieotioD will now be described with reference to a particular prefe 
rred implementation of the ioreotion to graphically depict gene locos io 
formation. The imeotieo viti be described with reference to a database 
optimiaed for microbial data, such as that described in United States Pa 
tent No. 5,970,500. Ho»evef, applicaticn of the present invcnticn is by 
no means so limited. For example, the ievcntion covers graphical ?iewc 
rs used in conoection with databases optimized for other soirees cf hi cm 
olecolar sequence data, sacb as animal sequences (e.g., hnmio, primate, 
rcdeot, amphibian, insect, etc.) and plant seqaeoces. 
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As noted above, a grap-fcical riever in acccrdance with the present inrc 
Qtioo is preferably prc«idcd logethei vitb a soite of foocticns cade ara 
liable tc users tbroigh a collection of user interface Ecreeas vicvcd to 

tbe user ioterface of a b i cmo 1 cc u I a r relatioaal database, A main viewe 
r page is typically accessed from another page provided as part uf the o 
ser ioterface of i b i omo 1 ecu 1 a r sequence relational database id cconecti 
oil Fith ffhicb tbe graphical ne»er is used, in this case a micrcbial gen 
onic database. Figure 2 depicts oue sucb other page from the nicrobial 
genomic database. The Coatig KeSaits page 200 displays a list of loci ( 
identified bj tbeir LocuslDs) for genes localized tc a particular 'conti 
g* (a group of assembled overlappifig seqaeaces), centig SAUlc0039, of the 

genomic seqaeoce of a microbial orgaoisoi, in this case St a phy 1 ccoccas a 
0 r ea s . 

By clicking on a particalar LocasfD iu Contig Results page 20fl, a user a 
ccesses a Locos InlormatioB page, socb as depicted ifi Figore 3. Clickin 
g on the LocosID SAUlfl024l in page 200, returns tbe Locos iDforraation pa 
ge 3 00 which displays details about tbe locoS SAUIOOZ-ll. Tbe page also 
displays a Graphical Viewer button 302 which when selected lacucbcs a gr 
aphical viewer in accordance vitb tbe present invention. 
Figure 4A depicts a main graphical viewer page 400 accessed by selecting 
the Graphical Viewer button 302 i& Lccos Information page 300. In this 
preferred embodiment, the graphical viewers are Ja va [r eg i s ter ed tiadcma 
rlc)-based applets that prcridc a graphical representation of a portion o 
f a coDtig and its related loci. A graphical viewer in accordance with 
the present inventioa preferably indodes a plurality of separate compon 
ent viewer!. Wberc more than one conpooeot viewer is fcatared it is pre 
ferabiy displayed io a single frame id cider to eohaoce the elfcctiveaes 
s with which the graphically displayed data is coo?eyed tc the user. A 
preferred embodiment includes thiee ccmpgnent viewers displayed io a sin 
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glc fiame. 

ThDS, tbe graphical viever 402 of pzgt 400 has three riewer compcneAt pa 
oels Qo a single screen. Tbe top paacl 410 featnres i 'legend viewcr"41 
2. which shows the eotire pcrtiDa af the genome ander coo s i d.er a t i co . Tb 
e middle panel 430 featares a "target viewer' 432, which allows a user t 

0 focus C'loom in^) oo areas of the genome portion of particolar in teres 
t. The bottom panel 450 featares a ' ^cqceoce depth viewer" 452, which c 
ootaias graphical tnforniaticn illastriting the depth of coverage over tb 
e length of the genome portico represented in the target viewer 422. 

The graphical viewer page 400 also inclndcs several hattons and windows 
along the top 403 of the page 400 for accessing and displaying additicna 

1 information. A mean bar 404 is also provided for accessing pnll-dcwo 
raeaas listing varioos command aod control fooctions. A scale 415, 43S, 
45S depicted at the bcttcm of each viewer panel 410. Tbe ose of these 

Featares will be described in fortbei detail belcv. 

The legcad viewer 412 always shews the entire portioi of the ccatig whic 
h was loaded bj the viewer wheo the nser selected a contig in the prcvio 
as screens. In a preferred embcdimcot, the ficwer will load a predeierra 
incd default oamber of base pairs of the coQlig scqnencc. If the contig 
is shorter than the defaalt', the entire contig will be depicted and the 
dcfaslt will be adjusted . For example, in this embcdimeDt, the viewer 
loads 30,000 base pairs starting at the first locuS in the list on the 
Contig Results scicen 200 (identified by its Hit ID), g2462967. The nnn 
her of base pairs shcwo and tbe position on the contig may be determined 
with reference to the scale 415 depicted aV the bottom of the legend vi 
ewer panel 410. The default value ma), of course, be changed to any dcs 
i r e d oimb e r . 

The legend viewer 412 graphically repiesents coniig SAUlc0039 as a liae 
414 which starts at coordinate (base pair number) 4467 and extends ap to 
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coordinitc 34,467, as may be seen vith lefercnce tc the scale 115. The 
ccDtig dcpicUd ia the riever ideatified in a CootiglO vifldcv 4 07 . 
[b additioQ, the startio? cocrdinate for the portion of the ccntig depic 
ted by the legsod viewer 412 (oaaicly, the siartiog coordinate of the sel 
cctcd locos g2462967: 4467) is noted id the Start Coord vindov 405. The 
se viodcvs 405, 407 may also be used to eoter iofcrmatioD io order tc co 
ntrol the infcimation depicted by the riewci, as described further bclcw 
A oser may bring opstrcam cr dowostream portions of the contif iote ? 
lew in the legcod vicver 412, and the ether component Tievers, by clieki 
ng OQ the directional buttons 4Q6. 

In addition to the contig, the legend riever 412 shoirs the raricDS loci 
residing on the portion cf the contig. The manner in vhicb these loci a 
Tt depicted i 1 1 n s I r a t e £ t he power of a graphical riewcr in accordance wi 
tb the present inyefliion in presenting information in a highly effcctiie 
manner. 

The loci are represented by arrcws 416. Each loci is located beside the 
ccntig line 414 according to its position on the contig and the dirccti 
on io which it is read. The arrowhead represents the direction in which 
a locos is read, loci which are read in the forward (+) direction are d 
epicted above the contig liife 414. Loci which are read in the reverse (- 
) direction are depicted below the contig line 414. In addition, ether 
graphical features may be nsed to ccnTey inlormation about the graphical 
ly depicted loci. For eicample, loci lor which the sequences obtained ar 
€ above an established confidence threshold may be depicted as broken ar 
rows. 

In this preferred embo d inie n t , the loci are also rcpreseoWd in different 
colors based on their protein's fsnctioo. Proteins are grouped into va 
lions functional categories, with each category being assigned a color. 
For example, in this preferred embcdimeot, the proteins corresponding 
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tc Icci are srooped acccrdiog lo Che follcviog c a t c^G r i c s/cc 1 o r s : Hotil 
itj/Light blDc; Vi in I cncc/2cd : Traospcrt/Light Gre«n; liegnlatioE/Magcnta 
; Macroinct ecu le me tabQ I isn/Ye I low; Snali nolecole metabc 1 isn/Daik blie; 
StToctare/Darl Greeo; aid Uac !a ss i ii ed/B I ack . Of coirse other cacegerie 
s tni colors may also be ascd. These arrcv and ccUr representation (ea 
taxes for loci are nsed in both the legend viever and the target vievcr, 
discussed belov. 

The target viewer 432 iDitially displays the same scope as the legend vi 
ever 412. The scope of the target viewer may be nocdtfied, hoiiever, by c 
lickiog on the Zoom b&ttcns 409. The Zoom In bottoo provides a closer r 
iev of a portion of the contig shovn in the legend viewer 412. The clos 
er view is depicted in the taigct riewer 432, with the scale 435 adjisti 
Bg to reflect the amonnt of the zoom. The Zocm Oat batten provides a br 
oader view of the ccntig, op to the maxlffiam of the defaolt base pair odbi 
her selected for the tegeod viewer (mi o imam mage i f i ca t i on) . The Zoom No 
oe bottoo ao t oma t i ca I 1 y letoros to the minimum ma gn i f i c a t i go . 
Another way provided by a graphical viewer in accordaocc with the presen 
t invention tc fccos on i porticn oi interest of a contig 414 depicted i 
B the legend viewer 412 is to provide an outline, sncb as a colored (c.g 

red) bci. arcnnd the portion of the contig 4M which is shown in the 
target viewer 432. [o tbis preferred embodimeot, when a red box sorrooo 
ds the entire legend viewer panel, the target viewer also display the en 
tire 30,000 base pairs. This is the sitiatico illostrated in Figure 4A. 
When the Zoom bottons 409 are ased, as described above, the red box is 
ad jnsted accordingly. 
An area oo the contig nay also be locmcd into by direct n'ser adjustmcDt 
of the red box (known as "rubber banding"). The scope of the red box ma 
7 be changed by clickiog at a location io any of the viewer panels and d 
ragging the cursor with a mcDse to another location. The red bOK will t 
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hea eacompass the reficD* between tbosc two poiats, aad onlj this regifln 
will be visible ia the target aod scqscDcc depth viewers. Figore 4B dep 
icts aii updated page shoving the viewer 4 02 after a aser has xccmcd in o 
n the portion 434 of the contig 414 depicted id the legend viewer 412 be 
iwcen aboat the coordinates 14,200 and 18,200. The scale 435 at the bot 
toiQ of the target riewer 432 has been adjusted to reflect the oew scci^e 
of the roomed tjrget vie^. 

Another featoie of the target viewer is the loci are annotated. .Ae may 
he seen in Figures 4A and 4B, annotations 436 are picrided for loci aire 
ws which are long encogh to acccmmodate the anootation information. II 
B Icci of interest is too short to be display its aonotatioo, a iser may 
soom in farther on the locos nntil it is long enongh to allow the anoot 
aticD to be displayed in the graphical r epresenia t ico. 

tndividual loci in the target viewer 432 may be selected for further ana 
lysis by clicking on the graphically depicted locos. A selected Iccns i 
s highlighted in some manner, for example, by displaying a colored (e.g. 
, red) box aroood its representation. Details about this locus my he vi 
ewed by doeb I c-c I i ch i og on the Iccas representation. Do n b 1 e- c 1 i c k i ng op 
ens a Selected Object Details window, such as depicted in Figure 5A. Tb 
e Selected Object Details vrndaw 500 includes information abcat the loco 
s. incUdiog its LocnsID, gene (fonctional) category, base pair range, t 
he sequence's homciogoos matches (preferably the oomber of bGrnoicgcns ma 
tches retarsed is limited to a preset oomber; for eiample, the top five 
matches are returned here) against other sequence databases, for example 
, the genpept database, and other information vseful to researchers and 
relating to other featires of the database syslen with which the graphic 
al tiewer is used. Many of the fields of iafcrmatioo pio^ided in the wi 
ndow 50O may be hyperlinks to other HTML pages or other screens. 
The Selected Object Details window 500 includes an AligDment button 502. 
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Clickifig CO tfais buttoir accesses an aligomeat rievcr vbici) provides a 
Srapbicsl rcpreseotsliofl of the iociS seqience aad its bomotogOQ! matche 
s. An example of an alifonent viewer 510 in accGidaocc with a preferred 
embcdimeot cf the present inveatico is sbovn id Figure 5B. The alignme 
at riever 510 has three panels. The tcp two panels S12 and 514 pioride 
a graphical represcatat i on of the locos identified in Figore 5A (SAUlOll 
56). The third panel 516 provides graphical represeata lions of the fi^e 
homclogs noted in Figire 5A. The alignment viewer page also includes a 
oomher oi buttons 518 ^fbich may be used to ccntrcl the graphical repres 
entaticns. In particular, the page has Zocm buitcns 520 which may be os 
ed to tconi iatc the sequence Ie?el cf loci depicted in Ihc lover two pa 
oels 514 and Sl& (while the opper paael 512 maiataias the depiction of t 
he entire locns). Figure 5C illustrates this Zocoi fcataic where the app« 
r panel 512 has a cclcred box 522 arcnnd the pcftioo cf the locis depict 
ed with its honclogs at the se^ience lerel in the two lower panels 514 a 
od 516. la this embodiment, the amine acid seqocaces are shown. In cth 
er embodiffleots, the cor respoodi ng nucleotide sequences may also be shown 

An additioaal feature of the gnphicil riever page 4 00 tbat becomes asef 
oI when the scope of the v i eV in the target ?iewer 432 is focused in on 
a portion of the contig sequence shown in the legend fiewer 412 is a scr 
ell bar 470 at the bottom of the page. The scroll bar 470 allows a oser 
to move along the poitioo 434 of the contig 414 to bring apstream or do 
wnstream portions of the contig 414 into view in the target fiewer 432. 
The third panel 450 cl the graphical riewer 402 in this embodimeat of th 
e present iovention is the sequence depth viewer 452. Tie sequence dept 
b viewer 452 provides a graph illustrating the depth of coverage, that i 
s, the oniDber of times that a given portion of the coatig has been seque 
need, over the length of the contig. The sequence depth viewer 452 disp 
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iiys its graph fcr the c&otig or poitiOD of tb< contig displayed ia the 
target viewer 432. Thos, in Figorc 4A, irere the target viewer 432 and I 
egcod Ticker 412 bare the same scope, tbe seqaence depth mowci 452 disp 
iiys a graph sbowiog tbe depth of coverage over the 3OJ00 base pairs of 

tbe ccHtig 414 froai coordtaates 4467 to 34,467, as indicated by the sea 
Ic 455 at tbe bottom of the seqoeocc depth viewer paoel 450. In Figore 
4B, however, the sequence depth viewer 452 displays a graph shcwiog the 
depth of coverage over the approximately 4000 base pairs cf the portioa 
434 of the cootig icomed in oo in the target viewer frcQ abcot cccrdinat 
es 14.200 to 18,200, as indicated by the adjosted scale 455. Tbe sequea 
CB depth viewer also ioclades a second scale 456 co the y-axis indicatin 
g tbe DBmber of seqaeacing passes lepreseoted by tbe graph. 
The manner ia which this depth of coverage iolormation is depicted provi 
des a farther i I la 5 1 ra t i on cf tbe power of a graphical viewer in accorda 
acE with the present invention io presenting infcrmatioa in a highly eff 
ective manner. A nser cf tbe graphical viewer is able to very qoickly, 
at a glance, assimilate isetnl informatioa relating to the confidence to 

be attributed to the seinencc infer ma tioo depicted io the other panels 
cf tbe viewer. in thi5 preferred embodimeot cf the present iaveoticn, t 
he sequence depth viewer 45f depicts coverage as a seqDcncc distribution 

graph 454. A particnlar advantage of this way of depicting of the dept 
h of coverage information is thai it is particularly effective for clear 
ly providing this i o f o rma t i e n in a graphical format which makes a clear 
visaal impression asd renders the data easily qoaat t f iabl c . with referen 
ce to the y-axis scale 456. The coverage data for varions regions is al 
so easily compared in this format. 

In other embodiments of the invention, a scqaencc depth viewer may graph 
ically depict depth of coverage information in ether ways. For example, 
the actual sequences fron which tbe contig was assembled may be deplete 
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d. This wiy cf dcpLctioi the seqaeocc co?eTa;e infcrnatioo mil pioride 
useful [QforDstioQ for s<iai€ users whc are conceroed with the dita acquis 
itioQ piDcess, for example, used in the cootig's ioimatioo. 
As QDted abcve, the graphical viewer page 400 includes several buttons a 
nd wisdows along the tcp 403 cf the page 409 fox accessing aod displayin 
g additioQil ioforoiatioQ. Several of these have already beeo discussed, 
including the Start Cocrd 405 and CcotiglD 407 vindcws. Figures 6 and 
7 illQStrate additional features of a this embodimest cf a graphical rie 
ver ia accordance with the present invention. 

In addition to displaying the start coordinate for the ccotig seqaeuce d 
isplayed in the legend vieirer 612. the Start Coord Tindcv 60S nay receiv 
e an entry frcm a aser of a different starting cccrdinate. The entry of 

a different start coordinate will bring a different portion cf a ccotig 
's seqneace into vicn in the legend viever. For example, Figure 6 shows 

a graphical viewer page 600 with the sane settings as page 400, except 
that 0 has been entered in the Start Coord window 605. h% a result, the 

contig sequence 602 and associated loci 604 shewn in the legend viewer 
612 is shifted 4467 base pairs upstream to the bexinniag cf cootig SAUlc 
00 39. Tbe 4457-Qiost downstream base pairs in the depiclioo of the ccnti 
g 414 in Figure 4 are oo Icifger visible in the viewer of page 6 0 0. The 
corresponding views are also depicted by the target vievcr 632 and the s 
equence depth viever 652. 

Also, in addition to identifying the ccotig depicted in the riever 402, 
tbe ContiglB window 407 say receive an entry from a user of a different 
ContiglD. Tbe entry of a different ContigID will cause the defaalt anmb 
er of base pairs [preferably starting from tbe coordinate 0) of the cont 
ig seqoence associated with tbe new ContiglD to be loaded from tbe datab 
ase associated with the viewer and displayed. For exaaiplc, Figure 7 sb 
ows a graphical viewer page 7O0 with tbe ContiglD SAUlcOOU entered in t 
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he ContiilD window 707. -As a result, the cootij sequence 702 aad associ 
ited loci 704 sbcwn io the legend viewer 712 are that for coatig SAUlcOO 
16. The corresponding views arc also depicted by the target liewer 732 

and the seQQeece depth viewer 752. 

As also acted above, the graphical viewer iOO iDclades a menu bar 404 fo 
I accessiog peli-dcwn menus listing virioos ccmsiaad and cootrol fuDCtioD 
s. The File poll-dowo menu lists standard conffiaods found in application 
s software packages sacb as save and print, etc The £dit pull-down men 
1 provides a list cl categories for editing the parameters of the graphi 
csl viewers, incloding the defaolt ccntig scqaencc length display nnmhcr 

and the colors nsed to represent various features in the viewers. 
Of particular interest is the Yiew poll-dcwn acnv which, together with a 
Mowing the user tc select which features shoold be incladed in the vari 
Gus riewer displays, alsn includes a View Seqoences on Coords 804 option 
A graphical viewer page 800 is showo ib Figsre 8A with the View pull- 
down iiicflo 80 2 selected. Seleclioo cf the View Sequences on Coords 804 
option from the meno 802 accesses a page 810 listing the sequences ased 
to assemble the contig depicted in the graphical licwer 402. together wi 
th the coordinates of ^ch seqncnce which indicate its coverage. Select 
ing a sequence from the list*, soch as the second one in the list, 806503 
0$4F1 (5201,5690) 812, and clicking the Seqaence Database botton 814 acc 
esses a database of the raw sequences used to assemble contigs in the da 
tabase system associated with the graphical viewer and returns a Seqoenc 
e Retrieval Results page 820. depicted in Figure 8C. The ScqoeDcc Retri 
eral Results page 820 depicts the actual noclectide sequence 822 of the 
scqueoce 812 selected io Fignre 8B, ' 
A geacraliied process by which a graphical viewer system in accordance w 
ith a preferred enbodimeot of the present inrention retsrns graphical re 
presentations of gene locns infornatioo to a user is depicted in Figare 
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9. Ibis process flow sbtiws calj same of tbe maiQ leatares of a prcferre 
d efflbodimeot of the precent inventicn in order to illistiate io process 
flov form some of the optioos for fiaphicallf dispIayioE Eeqneocc data t 
a accordaoce vith an etobcdtnieDt of the present Invcatioo. It is act iot 
ended to provide a c ompr e b c n s i 7 c depiction of the present ioventiofl. 
The process 900 be^ias at 901 aod at a step 902 data for a selected Icco 
s and its associated cootig are loaded ioto tbe gripblcal riever. As so 
ted above, the locos ma? be selected from a list in a HTML page provided 

as part of tbe oser interface of a b i omo I cce 1 a r sequence relational dat 
abase io conaectioo vith wbicb the graphical viewer is used, in this cas 
e a microbial genomic database. At a step 904. a graphical display of t 
be selected locos on its contig is provided. Preferablr. tbe graphical 
display has a pltrality of compGneats for representing different aspects 

of the biomolecalar seqaeace data associated with the selected Iccas. 
Is a particQlailr preferred embodimeni depicted io Figsres 4A and 4B and 

described above, the graphical leprescotation is a viewer having three 
conponents: a legeod viewer, a target viewer, aod a seqaeoce depth viev 
cr . 

If 00 farther entries or zocm adjostmcots are made, the process nay eod 
at step 940 fcllowing the graphical display at step 904. Bcwever, a ose 
r may want to use the graphical viewer to extract aad display additional 
information relating to tbe selected locos or other loci, and the viewe 
r provides additional f one t i coa 1 i t i e s for this parpcse. 
Tbe graphical representation of the data displayed by the graphical view 
er may be modified io a variety of ways. Also, additional iflformaticn m 
^* ay be accessed by selecting various objects (namely, loci) io a viewer. 

f( For example, a oser may enter a new contigID in a field provided in a 

graphical viewer page, socb as wiodcw 407 ia Figare 4i\. If so, decision 
step 906 is answered io tbe affirmative aod the new contig and its loci 
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afe graphically depicteil io a tiever at a step 914. A o«ei ma]! also eo 
ter a n<v start coordinate, sock as io Start Ccerd vindav 405 id Figirc 
4A. If so, decision step 908 is ansvered io the affirmative and the ;i 
apbical display ig adjosted to sbov the ccotig in the oev cccrdinatc rao 
ge at a step 916. In additico, as described abcve, a oser may chcose to 

fGcu$ in on a particular portion of a graphically depicted ccntig. If 
sc. dccisicD step 910 is answered Iq the affirmative aod the graphical 
display in the target viei^cr, in this embodimeat, is adjusted tc show tb 
e contig io the zcomed ricv at a step 91S. If any of these decision ste 
ps are answered in tbc negative the graphical rievcr display remains unc 
hanged . 

After any of these actions, or in the alternative, a sser maj select an 
object to obtain farther i n f o rma i i o n . In a preferred embcdicent, the U 
ci depicted io a target vievcr component cf the graphical viever may be 
selected by clicking on its representation. If so, decision step 920 is 
answered in the aflirmalive and the depiction cf the locus io Ihe targe 
t riever may be highlighted with a colored boi . If a user wishes tc obt 
ain detailed information aboot the selected loci, the user may do so by 
dcoble cliching en t he „ dep i c t i on of that locus. If so, decision step 9Z 
1 is answered in the affirmftive and a Java (registered trademark) page s 
hcving detailed iofcrmation about the selected Ucds is sboffn at a step 
9 2 2 . 

Another feature of this aspect of a preferred embodiment of the present 
invention is a graphical aiigomeot vieweft 3S described above. A user m 
ay elect to display a graphical viever which shews the alignment of the 
amino acid scqDence of the loci of interest against s ome' homo 1 cgc u s seqo 
ences. If so, decisioo step 924 is ansvered in the affirmative and the 
alignment is graphically displayed in a graphical viewer at a step 926. 
A user may also be provided with the option of displaying a multiple org 
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aoisnt viever to riew graphical represes ta t icos oC honLoiogcus aad paralcg 

oas loci of the locas of interest. Fci eiamplc, if decisicQ step 9ZQ is 
ansvcrcd in the a f f i rna t i v e , a nnltiple organisoi viewer maj be accessed 
at a step 930 whes a decisicn step 928 is answered in the affirnatiTe. 
Forthcr details of the opeiation cl a aiflltiplc orgaoisoi viever in acco 

rdaace vitfa a preferred embodiment Df the prescot iDTeatioD are describe 

d below with refercoce tc Figures lOA-lOE aod 11. 

Of coarse the selected object details aod moltiple oigaoism selectico de 
cisicDS are independent of each ether aod coald jast a! easilr hare been 
presented In other van io Figore 9. Further, il should be noted that t 
he system ailovs the nser to exit from the graphical viewer mode at zny 
time. This option is not depicted in Figure 9. 

A further option aTailable for accessing further iofornation from a grap 
hical viewer in accordance with the present invcniicn is the display of 
actnal nucleotide or anioc acid sequences for a selected sequence asscci 
ated with the locns of interest and its ccntig. In a preferred embcdime 
Dt, a user maj choose this option by clicking on a button in a graphical 

viewer page such as depicted in Figure 4;\. If so, decision step 912 is 

answered in the affirmatiye aod a list cf sequences se^loetce identifier 
s) and coordinates for the s'equences from which the ccotig displayed in 
the viewer was assembled is displayed at a step 932. A user maj then se 
lect a seqaeoce from the list. If so, decision step 934 is answered in 
the affirmative and the actual noclectide sequence (in this case) of the 

selected sequence is displayed. The process ends at 9i0. 
As with other data displayed in graphical viewers in accordance with the 

present invention, the data used in this aspect of the 'invent icu is obt 
ained from an associated biomolecnlar sequence database aod system. The 

organization and operaticn of Such systems may ?ary. Examples are prov 
ided in the Incyte Pharmaceuticals patents previcusly referred to berei 
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D. GircD tbe descr i pti Off cl the f aoc t i Goa 1 i t ; aDit digplays herein, ooc 
of Ellll in the art voald be able to implcmeot the graphical vicver cf t 
he preseat ioTentioa is any sach system. 
Mb 1 1 i pi e Organ i sn Vi ewe r 

As Dotcd ibovc. a graphical viewer la accordance with the present invent 
ion maj also provide fc; tbe graphical r e p r e s e d t a t i c o and ccmpariscn cf 
multiple portions cf the genome cf one or more organisms based on a Icco 
s of interest and its ccr respond i ng paraUgs (related loci iron other po 
riions of aa organism's genome} and honclcgs (related loci fron another 
organism's genome). A preferred embodiment cf sach a n&ltiple organism 
viewer is described with reference to Fig&ies 1(A-10D, belev. 
Fignrc lOA depicts a main graphical viever page 1000, like that shown in 
Figores 4A and 4B. In Figare lOA, a box ('robber band"*} 1 002 has been 
placed aroiod a region 1004 of the portion of the contig 1006 displayed 
by the legend Ficwcr 1008 ccmponent of the graphical viewer 1010. This 
regioD 1004 of the ccntig 1006 is displayed by the target Tiewer 1020 co 
mponent of the graphical viewer lOlO, and its coverage is depicted by th 
e sequence depth viewer 1030 compoQent. U the target viewer 1020, a bo 
X 1 022 around locns SA1J1O02 4 2 indicates that that loess has been selecte 
d' As noted prcvicnsly, the'main viewer page 1 000 indndes a Moltiple 0 
rganisDS button 1001 . 

Clicking on the Moltiple Organisms batten 1001 when a locos has been set 
ccted in the target riewer retrieves from tbe database associated with t 
he viewer and displays a list of all libraries containing homologs and p 
aralogs of the selected locns. Fignre lOB depicts a window 1040 shoving 
a list of libraries retrieved fnr the Iccbs SAU 1 00 2 4 2 se'lectcd in the p 
revions page shoKii in Figure lOA. Tc access a list oi individual homolo 
gs and paralogs, a user may select one or more libraries in the list dis 
played in this window 1040. Clicking on the Moltiple Organisms button 1 
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64! retrieves the indiTidnal faomoiogs aod/or paiaiogs and displays them. 

Fieore IOC depicts ao example of a viodsv 1045 shoTing a list cf homol 
Qgs aad paralcgs for the Iccns SAUI00242 from tie libraries selected in 
scrcea 1040 shown in Pigare lOB. A hit de sci ipi i on for each Iccus is a! 
so provided. 

A ascr aiay then choose to prcdnce a grapbical display of the crigioally 
selected locDS (e.g. SAU1D0242) and the selected homclogoas jnd paralcgo 
as loci displayed in the list of Figare lOC Bj clicking on the Mnltipl 
c OrgaoisDLS bnttoo 1Q46 in wifld(!vl 045 . the locus of interest and its hem 
ologs and paralogs are loaded into a soitiple organism riever in acccrda 
ace with a preferred embodinieot cf the present ioveotion. and the locoE 
cf interest and the selected hcmoicgs and paralogs are displayed. Figor 
c lOD depicts an example of snch a maltiplc organism viewer page 1050. 
The maltiple organism viewer pafe 1050 provides a single panel multiple 
erganisffl viewer 10S2 graphtcaily depicting the selected locas cf inteies 
t (SAU1 002 42) 0 0 its contig (SA1llc0039) and the selected homolcgcns and 
paralogoos loci oq their respective contigs. Figare lOD, shows a viewer 

1052 griphicallj displaying five (5) contigs in a single page: SAUlcOO 
J9 1061, PnicOn 9 1 062, SAU2c0 39 1 1 063 , 5EPlc 0 22 0 1 064, and SflAlc(ll22 I 
0 6 5. Contig 1061 is shown rogether with its Icci, iocUdiog the selecte 
d locas SAU100242 1071 depicted in held and italicized in order to more 
clearly identify it. In the embodiment depicted in Figore lOD, the loci 

are annotated with a hit description rather than a Locus ID. Each of t 
he other contigs is also depicted with its loci aloagside, and with the 
loci bomologons to SAU100242 (respectively, loci 10T2, 1073, 1074 and 10 
75) shown i n bo I d i t a 1 i c s . 

The maltiplc oiganism viewer 1052 ilUstratcs another example of the pow 
cr of a graphical viewer in accordance with the present invention to con 
vey biomolecolar sequence information in an effectire way. As noted abo 
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TC, the selected Iccos an'd its haroclagcos and panlcgcos Icci may be she 
WD bold and italicized, or in fitbcr type, soch as a particular color, in 

order to distlnfoish tbem as the loci of iatcrcst. As may also be seen 

is Figorc lOD, the Icci of interest for the graphically displayed centi 
fs are alig&ed ia the pa^e 1052 so that a visual coDparisca cf adjacent 
Icci on the various ccntigs is easily achieved. This visual representat 
loD may be farther eohanced tbroagh ise cf the cceiplemeDt featare descri 
bed below with refereace to figore I0£. 

Farther featares of soch a graphical vievei in accordaoce with this em 
bodiment of the inveatioQ may be accessed by clichiag on pall-donn neaa 
selecticQS 1453 provided in the moltiple crgaoism viewer page 1050. The 

mean selections iacladc File, View and Help selections that provide lea 
tares snch as described above with reference to Figore iA. The Show sel 
ectioo 1054 accesses a list cf alt cf the Icci listed is the window ilU 
strated in Figore lOC aad leaded into the multiple organism viewer. By 
selecting a locas from the Show pull-dovn mcoti. a eser nay determine tfaa 
t the locus along with the contig on which it resides will be displayed 
01 hidden. clicking on the loci, a aser may determine that a locus ^ill 

be displayed or hidden. The Show menu may also prcvide for the same de 
termination tc he made with respect tc the contigs. 

The Complement neoo selection 1055 allows a user to manipulate the gra 
phical representat icDS of the contigs and loci in order tc facilitate tb 
e extraction of salient information fron the data. In particolar, the c 
omplemeot meoo selection 1055 allows the user to perform a reverse compi 
ement on any of the contigs displayed in the multiple organism viewer 10 
52. In this way* the homologous and paralogcus loci displayed in the vi 
ewer 1052 may be shown in the same reading direction so that a user may 
more easily locate patterns cf related loci adjacent to the loci cf inte 
rest. Figore lOE depicts a moltiple organism viewer page 108O in which 
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ifae loci of interest depfcted in page 1050 are sbovo vilh the same readi 
og directioa by ise of tbe complefDeot featire to sbcw the reverse complc 
ncDt of CQOtigs 1062, 1063 aad 106S. 

Shcrtcuts for the ccmplcmeot featire, as well as ether features describe 
i herein, nay be made available to a user accordiof to nethods well kacw 
n to those of skill Ib t&e art. Fci example, the conplemeat of a If.cis 
(contig) may be shovn by holding dc7Q the shift key oo a keybcard used c 
0 ioterfacc with the ccmpater system od vhich ihe graphical viewer in cp 
eratiog while clicking co tbe ccntig. 

Figare 11 depicts a flow chart for a geoeralixed process cf tbe operatic 
fi a moltiple organism vieveT in acccrdaoce vith a preferred embcdinent o 
f the present ioveatioo. The process 1100 starts at llOK and at a step 

1102 the moltiple organism viewer system receives a selection of a loco 
s of interest, for example by clicking on a loeus is the target viewer o 
f Fiiore lOA. At a step IIOI, a list cf libraries coQtaining loci honol 
ojcds or paralogOBS to the selected locus of interest is displayed in a 
ftindow. This display may be initiated by a user clicking on a bntton, s 
uch as the Maltiplc Organisms button in Figare lOA. Next, the system it 
ceives a selection of aoe cr more libraries from the list at a step 1106 
, and at i step 1108 a list 'of loci from the selected libraries which ar 
e homolo.gons or paralogoas to the selected locns of interest is displayc 
d in a window. At a step 1110, the system receives a selection of loci 
homologous or paralogcns to the selected locis of interest from the list 

to be displayed. Then, at a step 1112, tbe selected loci and their res 
pectivc costigs are graphically displaved io a moltiple organism graphic 
al viewer. In a preferred cmb c d i lie n t . the viewer shows all of the conti 
gs and loci io a siagle panel in order to facilitate comparison of the g 
raphically depicted data- The process ends at 1114. 
Imp I emen ta t i on 



#0B 2001-125929 



It is importaot tc oete ibat the picseat iorcotioD may be impUDeoted as 
a sjsten or a methcd, and nay be cmbcdicd da a variety of ccmpoter-iead 
able ncdia that ioclode picsiani i as 1 1 uc 1 i oos , etc lor peffoiming vaiica 
s operations described herein. As noted above, tbe system imp 1 emeo t a t i o 
Q is preferably in association with a bicmolecnlar seqacDce relationai d 
atabase system. The metbod is a c cmp n t e r - imp 1 eme a t e d method, generally 
ittvolying the operation cf sach a system. The media may be any compater 
-readable media. Examples cl c cmpn t e r -r c a d a b I e media inclode, hot are o 
ot limited to, magoetie media soch as bard disks, floppy disks, and magn 
elic tape; optical media soch as CD-*ROM disks; magoe t o-opt i ca 1 media snc 
h as floptical disks; and hardware devices that are specially cenfigared 
to store and perform program i os t r no t i cos . such as read-only memory dev 
ices (KOM) and random access memory (HAM). The inveotioo may also be em 
bodied io a cariier vave traTeiliDg ovci an appropriate mediam snch as a 
irwares, optical lines, electric iincs, etc. 
Ccoc I OS ion 

Althcttgb the foregoing in?enticn has beeo described io some detail for p 
orpcses of clarity cf ondeistaodiog, it will be apparent that certain ch 
angeS and mo d i f i ca t i ens may be practiced within the scope of the appende 
d claims, it shcnid be oote'd that there are many alternative ways of im 
plemeot ing methods , media and systems of the present inrenticn. As note 
d previoQSly. the scope cf the invention is not limited to ose with a mi 
crobial genomic database system such as that in connection \ritb which th 
e invention is primarily described above. Given the descriptioo provide 
d herein, one of skill in the art vould understand bov to ose the presen 
t invention in coanection with a variety cf compa te r-bas ed biomoiecnlar 
sequence database systems. For example, a graphical viewer in acccrdanc 
e with the present inTeotion may be used in connection with database sys 
terns employed to store and analyze other types and forms of oncleic acid 
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seqncoces or expressed -audcic acid cr anoiDO acid seqoeaces. Acccidiog 
If, the prcEent enbod imeot s aic to be coBsideied as illostrative and not 

restrictive, aod tbe iavcalloo is oot to be limited to tbe details give 
D bereia, but may be modified vltbio tbe scape and eqoiraleots of the ap 
peoded c U ims . 

4. BJIIEF DESCRIPTION OF DRAWINGS 

Figure lA is a block diagraoi «f a clieot-seiver Intranet foi proTidiog d 
atabase services is accordance irlth oae embcdiment of the preseot invent 
ion. 

Fignre IB is a scbematic representation of tbe varions soltvare docomc 
ots and entities employed by tbe Figare lA c 1 ieot-server Intranet to pro 
vide biological infcrmacioo in rcspoose to tser qoeries. 
Figure IC is a block diagram ilinstxaLiog the accessibility of graphical 
viewer features in accordance with a preferred embodiment of the preseo 
t tflvention in coaoectioa with a bionolecolar seqaeoce database. 
Figare 2 i? a screen shcl IHTML page) depicting a Ccntig Kesoits page fo 
r a graphical nser intcifacc of a geoomic sequences database suitable fc 
T selecting a locus to be sieved with a b i cmc I e c o 1 a r seqacnce graphical 
viever in accordaoce with ooe eiobodiment of the present ioveotioa. 
Figare 3 is a screen shot deplctiog a Locos lolormatioa page for a graph 
ical iser interface of a gcaomic seqoences database soitable fci access! 
og a biomolecilai seqaeBcc graphical viever in accordance with ooe embod 
iment of the present invcntioo. 

Figore 4A is a screen shot depicting a main page of a biomolecalar seque 
ace graphical viewer in accordance with one embodiment of the piescol in 
v e n 1 1 0 D . 

Figure 4B is a screen shct depicting a maio page of a b i Ofio 1 c c n I a r seque 
ace graphical viewer modified to illustrale tbe xcom feature in accordan 
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ce vltii one enbcdine&t of the prcseot inTentifin. 

Figure 5A is a Selected Object DctaiU vindow in acccrdaoce with CDe emb 
odimeot cf the present iaveatico. 

Figures SB tod 5C are screen shots depictiof ao alifomeot viewer in accc 
rdaDce with one embodifflent of the preseot inveflticfl. 

Figure 6 is a screen shot depictiag a main page of a b i Gmc 1 c c u I ar sequen 
ce graphical viewer modified to illastrate the new starting ccordioate t 
eatnre in accordance with odc cmbcdinieDt of the preseot inveatioQ. 
Figare 7 is a screea shot depicting a main page cf a biomelecolar seqnea 
ce graphical viewer modified to illustrate the newCoDtiglD feature in a 
cccrdasce with oae embod imeo t of the present infeaticn. 
Figures 8A-8C are screen shots depictiag pages of a hi omolccnl ar seqaenc 
e graphical viewer tilastrating a feature which displays an acttal biono 
lecalar set[aeDce in accordance with one enbodiinent of the present invent 
ion. 

Figore 9 is a flow chart depicting a process flow by which gene locns in 
formation may be viewed wiih a bicfflclecalar seqDeocc graphical viewer in 

accordance with a preferred embodiment of the piescal ioveotica. 
Figures lOA-lOE are screen shots depicting the cperatioo of a multiple o 
rganisBi bicraolecular sequcac'c graphical viewer in accordance with one em 
bodiment of the present iovcniioo. 

Figure 11 is a flow chart depicting a process flow by which multiple org 
aoism gene locus information may be viewed with a biomolecular sequence 
graphical viewer in accordance with a preferred embodiment of the presen 
t invention. 
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1. Abstract 

Disclosed are methods, nedia and srstcms for fraphicallf displafing comp 
ater-b3sed b i orac 1 c cb 1 a r sequence iafcrmation. Geofrallf, bicmclccolar s 
eqaence iofornation may be graphically depicted is a Tariety of differeo 
t fern! in actCTdance with the present inventioa. The seqseoce ioformat 
I'oD nay be ccnposed ct nuclectide er amine acid se^oeoce iftformaticn or 
both. The graphical depictions may be io seFeral different formats prof 
iding different informatioo relating to the seqoences. aod nay be displa 
yed in one or mere screens of a ccmpnter nser interface. 

2. Representative Draviog 
Fignre 4A 
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